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INTRODUCTION 
Selenium p o i soning (seleno s i s )  in live s tock may be divided into 
two general cla s s e s --chronic selenium toxici ty and acute selenium 
toxici ty . Chronic s elenium toxici ty occur s when an animal consumes feed 
or forage containing about 5 to 40  par t s  per �i llion (ppm) of selenium 
for a p eriod o f  s everal weeks or months . The acu t e  form resul t s  when an 
animal consumes feed or forage containing hundreds t o  t housands of  ppm 
of  s elenium . All clas ses of  lives tock are suscept ib l e  to s elenium 
poi soning , al though the severi t y  o f  symp toms may vary among species at  
a sp eci f ied s e lenium leve l . 
Duri ng the ear ly 1 90 0's , many s tockmen in the wes tern Great 
Plains suf fered huge economic lo s s es due to poisoning o f  the i r  lives tock 
through consump tion o f  s e leni ferous p lant ma terial . S ome were forced to  
discontinue rais ing live s tock ent irely and turned to grain farming . 
However , grain p roduced on land high in se lenium was d iscounted on the 
market . Today , this grain marke t ing prob lem doe s  no t exis t  to the ext ent 
of tha t  of the early 1 90 0's .  Selenium has mo re recent ly been reco gni z ed 
as an es sent ial micronutrient for s everal sp ecies including swine . The 
Food and Drug Admini s trat ion (FDA) has approved sodium s e leni te and sodium 
selena t e  as supp lement s to p i g  s tarter diets up to a level o f  . 3  ppm o f  
selenium . I n  view o f  this , the po tent ia l exis t s  for selenium poi soning 
to occur through accidental contaminatio n ,  incorrect mixing or incorrect 
formulat ion of the diet . 
Repor t s  o f  s e lenosis  in swine are limi ted and no t we l l  document ed . 
Seleno s i s  in swine has been exper imentally produced , but se ldom were the 
experiment al obj ect ives to es t ablish the maximum level o f  dietary 
selenium tha t  could be t olera t ed wi thout affect ing p i g  performance . 
The leve l a t  which s elenium becomes toxic to swine i s  thought to be 
2 
about 8 ppm . Thi s  value. was derived f rom the ini tial  s e lenium research 
o f  the 1 930 ' s ,  wi th cons iderab le ext rapolation from data o f  o ther species . 
Often the number o f  experimental animals used was no t s ta t i s t ically 
sound . In add i t ion , the imp roved me thods o f  s e lenium analys i s  and 
pur i ty of inorganic s e lenium compounds available today p rovid e for mo re 
accuracy in exp er imentat ion . 
Die t compo s i t ion has also become much more comp lex . Nutrient 
leve l of d i e ts has increas ed and f eed addi tives are commonly used . I t  
is no t known what e f f ect these factors or other nut r i t ional interrelation­
ship s may have on the leve l at which s e lenium becomes toxic . 
Due to the variab i li ty of sel enium cont ent i n  f eed s tu f f s  and 
because selenium i s  now approved as a feed add i t ive , i t  i s  important to 
be tter  de fine the leve l at which the element b ecomes toxic to swine when 
feeding mode rn d i e t s . 
This research was conducted to de termine the e f f ec t  o f  varying 
dietary se lenium levels , s elenium source and dietary comp o s i t ion using 
the following parame ters: 
1 .  Pi g performance as measured by dai ly gai n ,  dai ly f eed 
intake and f eed conver s ion , 
2.  Blood comp o s i t io n ,  
3 .  Tis s ue s e lenium concentration , 
4. Blood enz yme act ivi ty , 
5 .  Liver we ight as a percentage o f  body wei ght . 
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The ul t imate obj ectives were to es tablish the level at  which 
selenium becomes toxic to growing swine and to de t ermine which parame ter 
i s  the bes t indicator o f  chronic s eleno s is . 
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REVIEW OF LITERATURE 
S igns and Pathology. o f  Chroni c S eleno s is 
The exte rnal s i gns and gross  patho logy o f  chronic se leno s i s  are 
well documented in the litera ture . However , rep o r t s  o f  the speci f ic 
patholo gical changes vary somewhat .  In addi t ion , ther e  i s  some ques t ion 
as to whe ther inorganic s e lenium produces the same documented ef fects as 
organi c selenium .  
Ext ernal s i gns o f  chronic seleno s i s  in dome s t ic l ive s t o ck inc lude 
dullne s s  and lack o f  vitality , anorexia ,  emaciation , hair lo s s , retarded 
grow th , hoo f  lesions and s ti f fne ss and lamenes s  due to ero s i on of the 
bone s (Moxon ,  193 7a ; Trelease and Bea th , 1949 ; Ro s enf eld and Beath , 1964 ; 
Underwo od , 1 97 1 ;  NRC , 1976 ; Fi shbei n ,  197 7 ) .  The hoo f  lesi ons are 
charac terized by a s eparation of the hide and hoo f at  the coronary band . 
In a mild cas e , the crack may remain shallow and simp l y  move downward as 
new hoo f growth c ontinues . In a severe case , the crack becomes so deep 
that the upp er p ar t  o f the old wall becomes separa t ed f rom the new 
growth . As the new ho o f  develops , the old hoo f  is gradual ly pushed down 
and may be s loughed o f f  ( Trelease and Beath , 1 949) . 
Chronic s e leno s i s , produced by ei ther organic o r  inorgani c 
se lenium ,  resul t s  in s evere dama ge to int ernal organs. A common grqs s 
pathological change i s  at rophy o f  affected organs . Hear t and liver are 
mo s t  s everely a f f ected (Ro s enfeld and Bea th , 1964 ) .  More sp e c i f ically , 
the hear t b ecomes so f t , flaccid.and atrophi ed , whi le c irrhos i s  and 
atrophy of  the l iver u sually oc cur . The kidney may also b e  atrophied 
and scarred and(o r )  may contain calculi tha t ob s truc t the ur ine . The 
sp leen has b een repor ted to be atrophied and f ib r o t i c  ( Trelease and 
Beath , 1 949 ; Ro senf e ld and Bea th , 196 4; Underwo o d , 1 97 1 ) . 
In contras t , Fishbein ( 1 97 7 )  s ta ted that chroni c inorganic 
seleno s i s  p roduce s  an i ncrease in the weight o f  the sp l een , p ancr eas 
and liver . I t  was f ur ther sugges ted tha t the s i gns and pathological 
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changes l i s ted above app ly only to chronic organic s e leno s i s  and canno t 
be rep roduc ed exp erimentally wi th inorgani c selenium . A s imilar 
statement ap pear s in a pub li cation entitled Selenium i n  Nut r i t ion (NRC , 
197 1 ) . In response to this que s t ion , Ol son ( 1 97 8 )  s ummarized the 
li terature wi th respect to the e f f ec t  o f  inorgani c  se lenium . The 
conclus ion r eached was tha t  the s i gns and patho logy of chroni c inorganic 
se leno s i s  are s imilar to t ho s e  o f  chroni c organic s e l enosi s .  
In swine , documented external signs o f  chroni c seleno s i s  inc lude 
anorexia , emac i a t ion , retarded growth , hair loss and hoo f  lesions 
( Schoening , 1936; Mi ller and Schoening , 193 8; Wahl s trom et al . ,  1 955 , 
195 6 , 1959 ; Har r ison et  al . ,  1 98 3 ) . The se lenium levels u sed ranged from 
7 to 196 ppm . C i rrho s i s  and atrophy of  the liver were r ep o r t ed by 
Wahlstrom and c o -worker s ( 1 95 5 , 1956 ) when s e lenium was fed at  a level of 
7 or  13 ppm to g rowing swine . Harr ison and asso c i a t es ( 198 3 )  observed 
a p o s t er i o r  paraly t i c  condi tion in growing swine f ed selenium at levels 
. 
ranging from 1 9  to  24 ppm . Po s terior paraly s i s  has also been reported 
in growing swine fed 5 0  ppn s elenium (Wi lson et al . ,  1 98 2 ) . 
Toxi c Leve l 
Schoening ( 1 936) p roduced clinical s igns o f  chroni c s elenosis  in 
two pigs f ed corn containi ng 10 ppm selenium .  Two p i g s fed corn 
containing 5 ppm s elenium and two fed corn from a nonse leni f erous area 
showed no external evidence of chronic selenos i s . All pig s  gained 
no rmally during the 1 1 0 -d feeding trial . 
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In 193 7a , Moxon s t ated that , in general , chroni c s elenium 
p o ison in g r e sult s when an animal consumes feed cont aining 5 to 40 ppm 
s elenium for a p eriod o f  s everal days or weeks . Die t s  containing more 
than 1 0  ppm s elenium cause a reduc tion of  growth and feed c onsump tion , 
and die ts containing as low as 5 ppm selenium may prevent no rmal growth . 
The s e  values were based on ob serva tions made on hor se s , c a t t l e  and 
poult ry but were thought to apply to swine as we ll . 
Mi ller  and S choening ( 1938 ) fed diets  containing 0 ,  24 . 5 ,  49 , 
196 or 392 p pm selenium as added sodium seleni t e  to f ive lo t s  o f  two 
4 -mo-old p i g s  each . Al l p i g s  fed added se leni te died  be tween 1 0  and 
99 d on experiment .  External s i gns o f  chroni c seleno s i s  we re p ro duced 
in four of the e i ght p i g s  fed added seleni te . Lo ss o f  hair and (or ) 
hoo f  les ions were observed at all selenium levels excep t the 392-ppm 
level . Enteri t i s  was observed in the remaining four p i g s  fed added 
seleni te . All pi.gs fed sodium se leni te wi th the excep t ion of  one lo s t  
we igh t  due t o  a defini te aver s ion to the seleni f erous d i e t s . Large 
individual var i a t i ons in tolerance o f  pigs to selenium were obs erved . 
Control animal s remained heal thy and gained normally . 
Wahl s t rom and co-workers ( 1 955 , 1956 , 195 9) s tudied fac tors 
af f e c t ing s elenium t oxi c i ty in the weanl ing p i g . A total o f  3 0 2  purebred 
Hamp shire , Duro c , Spot t ed and cro s sbred pigs  were use d . Selenium ,  when 
fed , was added as sodium se leni te to provide 7 ,  1 0  or 1 3  ppm s e lenium in 
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the to tal d i e t . All three selenium levels pro duced symp toms o f  chroni c 
seleni um  p o i so ni ng and a reduc t ion in growth rate and f eed intake . The 
severi ty o f  symp toms and the effec t  of s elenium on pig performance was 
mod i f i ed by ( 1 )  t he use of  l ins eed oil  meal ins t ead o f  soyb ean o i l  mea l  
as the p ro tein sourc e , ( 2 )  t h e  add i tion o f  arseni cals t o  t h e  di et , 
( 3 ) se lenium conten t  o f  the maternal diet or ( 4 )  a combina t i on o f  the 
factors . A breed d i f f erence in su scep tibili ty to selenium p o i soning was 
no ted . Duroc p i g s  wer e  mo s t  severely af f ected  and showed toxic symp toms 
at an earlier date . Cros sbred p ig s  appeared to b e  only mildly suscep t ible , 
whi le Spo t te d  pigs  d i d  no t show any visible symp toms o f  chroni c seleno s i s . 
A great deal o f  var ia t ion was found in growth resp onse o f  i nd ividual 
pigs in the treatments  containing s elenium , sugge s t ing some p i g s  are more 
sus cep tible to s elenium poi soning than o thers . 
A t o t a l  o f  4 4  we anling , cros sbred p i g s  wer e  used to det ermine the 
toxic i ty o f  sodium s e lenite and se lenome thionine (Her igs tad , 1972 ) . 
Twenty-ei ght p i gs were fed a torula yeast basal diet  and 1 6  pigs were fed 
a recons t i tute d  mi lk basal diet . Varying levels o f  supp lemental selenium 
were added as  sodium s eleni te or selena DL-me thionine to each basal di et . 
Sele nium levels in the torula yeas t diet  ranged from 0 to 1 00 ppm se lenium .  
The mi lk d i e t  c ontained s elenium ranging from 0 t o  6 0 0  ppm . Twenty-one 
pigs f ed selenium f rom ei ther source in the conc entr a t ion o f  2 0  to 
600 ppm deve lop e d  symp toms of acut e seleno s i s . Feed intake decreased as 
die tary s elenium level was incr eas ed over 45 ppm . Average daily gain was 
generally ne gat ive for tho s e  pigs with acute seleno s i s . Al though two 
pigs were fed a d i e t  containing 20 ppm selenium for 84 d ,  no symp toms of  
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chroni c s e leno s i s  were observed . Ind ivi dua l pigs  wer e  hi ghly variab le 
in the ir suscep t ib il i ty to s elenium po isoning . Feed consump tion for 
thos e  p i gs on the torula yeast  d iet was lower than expe c ted . I t  was 
f e l t  that higher cons ump tion of a more p ractical d i e t  may have produced 
chroni c s elenium p oi soni ng at the lower selenium leve l s . 
Moxon and Mahan ( 1 98 1 ) repor ted the level a t  whi c h  selenium 
become s toxi c to weanling swine to be 5 ppm . Seventy-two p i g s  ini tially 
wei ghing 7 . 7  kg were fed a 2 0% p ro tein corn-soybean meal diet wi th 
gradua t ed supp lemental selenium leve ls added as sodium seleni t e . The 
s elenium levels u s ed were 0 ,  2 . 5 ,  5 . 0 , 7 . 5 ,  1 0 . 0 , 1 5 . 0 ,  2 0.0 and 4 0 . 0  
ppm . In add i tion , one group o f  p i gs had free-cho i c e  access to feeders 
containing d i e t s  of e i ther 0 or 40 ppm of added sel enium . Average dai ly 
gain and average dai ly feed intake for the 3 7-d trial decreased linearly 
at 5 . 0 ppm s elenium and ab ove . Thos e  pi g s  with a choic e  o f  diet s  (0 or 
4 0  ppm s elenium) c onsumed feed f rom bo th f eeders on the f i r s t  day and 
sub seq uently avo ided the s e leniferou s  diet . Average da ily gain for thi s 
trea tment group was s imi lar to tha t for pigs on t he basal or 2 . 5 ppm 
se lenium d i e t s . Some p i gs on the hi gher level s  o f  selenium showed lo ss 
o f  hai r by d 1 7 . Some p igs fed diet s wi th 1 0  ppm se lenium or more showed 
hoof les ions by the end of the trial . No pig deaths o ccurred due to 
consump t i on of the s elenif erous diets . 
Fie ld cases o f  a paralyt i c  di sease o f  growing swine were observed 
on three farms locat ed in the same geographi cal area . Har r i so n  and 
associates ( 1 98 3 )  co llec ted feed samples from the a f fec t ed.f arms and 
conduc t e d  a controlled f eeding trial invo lving 20 weanl ing , cro s sbred pigs . 
Paralyt ic cond i t ions s imilar to thos e found in f ield cases  were 
reproduced . In add i t ion , these autho r s  ob served hoo f  le s i ons and hair 
lo s s  typ ical of seleni um poisoning . Selenium was de te c t ed in the feed 
at levels ranging from 19 to 24 ppm . 
S elenium Content � Organs and Tis sues 
9 
In cer tain areas o f  the Uni ted S tates , the se lenium content o f  
natural f e e d  i ngredien t s  used i n  formula tion o f  swine d ie t s  i s  quite  low . 
Therefore , swine d i e t s  may b e  routinely supp lemented wi th the element . 
In 1974 , the FDA app roved their supp lementation wi th . 1  ppm of  inorgani c 
se lenium .  The l evel o f  supp lemental selenium allowed in swine s tar ter 
die ts has sinc e  been rai s ed to . 3  ppm . In response to this s ituat ion , 
cons iderab le res earch has been conducted to evalua te the eff e c t  o f  
physiolo g i cal die tary selenium levels o n  selenium content o f  organs and 
tis sues of g rowing swi ne (Grant et al . ,  196 1 ; Or s tadius and Aberg , 196 1 ; 
Ewan , 197 1 ;  Groce et  al . ,  197 1 ; Ku et  al . ,  1 97 2 ,  1 97 3 ; Jenkins and Wint er , 
197 3 ; Doornenbal , 1975 ; Young et al . ,  1976 , 197 7 ; Mahan and Moxon , 198 0 ; 
Meyer et  al . , 1 98 1 ) . In these s tudies , inor gani c se lenium wa s added at 
leve ls from . 1  to  2 . 0  ppm to die ts tha t conta ined f rom . 04 to . 8  ppm of 
naturally-oc curri ng se lenium .  
In t he d is cus s ions that follow , all selenium levels o f  organs and 
t i s sue s are s tat ed on a we t bas i s . Selenium content o f  the organs and 
tissues was found to be directly proport iona l  to die tary se lenium level 
as indicated by the high correl�tion ( r = . 8 5 to . 95 )  observed by Young 
and as sociates ( 1 97 6 ) . In virtually all s tudies , kidney contained the 
hi ghes t  conc entra t ion of  s elenium fol lowed by liver and o ther glandular 
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organs wi th lower leve ls in cardiac and ske letal  muscle . Doo rnenbal 
( 1 975 ) found s ex to have no e f fect on selenium cont ent o f  muscle tissues . 
In summary , from the l i terature c i ted when adequa t e  but no t exce s s  
selenium w a s  f ed , i t  app ears tha t the normal se lenium cont ent o f  kidney , 
live r , pancrea s , heart and longiss imus muscle would be about 1 . 2 0 ,  . 6 0 , 
. 40 ,  . 30 and . 1 5 ppm , resp ec t ively . 
In one t rial , Ku e t  al . ( 19 7 3 )  supplemented a low selenium di et 
( . 04 ppm) wi th . 40 ppm i norganic selenium to supp ly selenium levels 
comparab le to  a na tural o rgani c selenium diet ( . 44 ppm) . The se lenium­
supp lemented d ie t  p roduc ed ti s sue se lenium levels that were s i gni f icantly 
lower than when the na tural organi c se lenium diet wa s f ed . These authors 
also found the add i t ion of . 1  ppm inorgani c s elenium to the na tural 
organic selenium die t did no t s i gnif i cant ly inc reas e  long i s s imu s  mus cle_ 
or kidney se lenium concent rat ion and incr eas ed liver selenium concentra­
t ion only s l i ghtly . Jenkins and Winter ( 197 3 )  made a s imilar ob servat ion . 
The re tent ion o f  s elenium in organs and t i s sues of  cat s and rabb i t s  fed 
toxic leve l s  of organi c se lenium wa s found by Smi th and co -wo rker s  (193 7 )  
to b e  far grea ter than when admini s t ered as sod ium seleni te . 
Her i g s tad ( 1 97 2 )  found selenium content in liver and kidney was 
somewhat p ropor t iona l  to the concentrat ion and dura t ion o f  selenium 
intake . However , some pi g s  wi thout seleno s i s  contained greater conc entra­
tion s  o f  selenium in the s e  organs than did o thers wi th s eleno s i s . In 
general , p i g s  wi th s e leno s i s  had greater conc entrat ions o f  se lenium in 
liver than in kidney , and tho se no t developing se leno s i s  had greater 
conc entra t ions in kidney than in liver . \{hen f ed the toru la yea s t  die t , 
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se lenium concentrations in l iver and kidney did no t vary s i gni f i cantly 
between pigs with se leni te or selenome thionine toxico s is . However , 
when f ed the who le milk diet , the selenium concen t ra t ions in b o th liver 
and kidney from p igs with organic seleno s i s  were s i gni f ican t ly greater 
than tho s e  in the s ame o rgans f rom pigs wi th ino rgani c se leno s i s . These 
au tho rs s ta ted that , under the ir experimental cond i t i ons , s e lenium concen­
trat ions o f  l e s s  than 20 ppm in l iver and ki dney could no t be used as 
rel i ab le ind i cators  of s e lenium poisoning . Thu s , from the s tud ies ci ted 
above , it app ear s that the die tary level of organi c s e l enium compound s 
was mo re s i gni f i cant in inf luencing the organ and t i s sue s e lenium concen­
·tra t ions than s imi lar d i etary levels of inorganic s e l enium . 
Dudley ( 1 93 5 )  repor ted that , in four pigs  su f f ering from chroni c 
ino rgani c s e leno s i s , the element was present throughout the organi sm 
bu t in widely varying proport ions . Liver and kidney we re found to have 
ac cumulated the larges t conc entrat ion o f  selenium , cont aining from 3 to 
25 ppm , while bone s and hoove s contained from 1 to 20 ppm selenium . Heart , 
sp leen and mus c l e  had se lenium concentrat ions ranging f rom 0 to 5 ,  0 to 
1 . 5 ,  and 0 to 2 ppm , respectively . 
A brie f summary o f  the e f fect o f  varying die tary sod ium seleni te 
level s  on selenium content of or gans of  growing swine was given by Moxon 
and Mahan ( 1 98 1 ) . The die tary selenium leve ls evaluated ranged from 0 to 
40 ppm and were fed for 37 d .  In all groups with added se leni te , liver 
selenium concentrat ion was mo re than doub le the content of panc reas . 
Selenium con tent of longis simu s muscle inc reased as dietary selenium level 
increased . Liver selenium content was lower than tha t of  kidney cor tex 
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when the di e t  cont ained 2 . 5  ppm selenium o r  less . However , in all o ther 
group s , the average s e lenium content of liver was hi gher than for kidney 
cor tex . 
Rabb i t s  and c a t s  when fed a toxic level o f  organi c selenium 
accumu lated apprec iab l e  levels of selenium in hai r . However ,  excess  
sodium s elen i t e  did no t increas e  hair selenium in thes e animal s  (Smi th 
et  al . ,  1938; We s t f a l l  and Smi th ,  1940 ) . Olson et  a l . ( 1 95 4 )  evaluat ed 
hair selenium conten t  o f  cattle graz ing se leni f erous forage and concluded 
tha t chronic s eleno s i s  s hould no t be expec ted i f  the hair selenium leve l 
was le s s  t han 5 ppm . Hair s elenium levels f rom 5 to 1 0  ppm ind i cated a 
po tential p rob lem , whi le levels over 1 0  ppm ind i ca ted selenium p o isoning 
could be exp e c t ed . I t  was fur ther s ta ted that the s e  data wer e  app licable 
to hog s  as  we ll as cat tle . 
Blood Compos i t ion 
Blo od selenium concentrat ion has been shown to be a sens i t ive 
indi cator o f  dietary s elenium int ake . Chavez ( 1 979b )  demons t rated the 
ef fect o f  die tary selenium deple tion and rep let ion on b l ood selenium 
conc entration in weanling pigs . In thi s experiment , ei ght p i g s  were fed 
a to rula yeas t basal diet  containing . 02 ppm selenium ; and e i ght pigs were 
fed the same diet supplemented wi th . 1  ppm selenium as sodium seleni te . 
At the end o f  a 4-wk f eeding period , half o f  the p i g s  f rom each dietary 
treatmen t were c hang ed to the other diet and the exp eriment cont inued for 
an add i t ional 5 wk . After only . 1 wk on exp eriment , there was a signi f i cant 
di f f erenc e in blood selenium conc entrat ion be tween the two group s . Af ter 
4 wk , tho se p i gs rec eiving the se lenium-supp lemented die t  had a b lood 
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selenium concentration o f  . 1 3 2  ppm compared t o  only . 0 2 7  ppm for those  
fed the unsupp lemented die t . At  the end o f  9 wk , the  b lood selenium 
level had increased to . 1 6 5  ppm for the selenium-supp lement ed group and 
decreased to . 0 1 7  ppm for the unsupp lemented group . Thos e  pigs swi tched 
from a diet  adequate in selenium to a diet def icient in selenium showed 
a p rogre s s ive decrea s e  in blood selenium concentration . Conver sely , 
p rovi ding die tary selenium to p igs p reviously dep r ived o f  the nutrient 
caused a p rogres s ive increase in blood selenium content . The respons ive-
nes s  o f  b lood selenium concentration to changes in die tary selenium 
content under s imilar experimental condit ions has also  been demons tra ted 
by Groce e t  al . ( 1 9 7 3 )  and Chavez ( 1 9 7 9a ) . 
Young and as sociates ( 1 9 7 6 ) found supplementat ion o f  a se lenium-
de f icient swine diet  wi th . 60 or 1 . 20 ppm ino rganic selenium caused a 
threefold incr ea s e  in s erum selenium level during the f ir s t  week of 
supp lementa t ion , wi th a s light tendency to further increases during 
sub sequent weeks . At the end o f  9 wk , the serum selenium levels were 
. 0 2 ,  . 1 9  and . 24 ppm for tho se p igs fed diets containing 0 ,  . 6 0 and 1 . 2 0 
ppm selenium , resp ect ively . Thes e  autho rs f ound a high co rrelation 
(r  = . 9 1 )  be tween s e lenium intake and serum selenium . 
Die t s  which contained sodium se leni te at  levels o f  . 1 ,  . 3 ,  . 5 ,  
1.0 or 2 . 0  ppm s elenium produced a linear increase in p ig p lasma s elenium 
co ncentra t io n  during the f ir s t  week o f  feeding (Meyer e t  al . ,  1 981 ) . 
During the next 4 wk , p lasma se lenium leve ls were ob s e rved to increase 
cub ically as die tary selenium level increas ed . Thi s  res earch ind ica ted 
that die tary selenium concentrat ion was gene rally highly correla ted 
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( r  = . 8 3 )  wi th p lasma selenium concent rat ion . Jenkins and Winter ( 1 9 7 3 )  
found supplementa t i on o f  . 1  ppm inorganic se lenium t o  die t s  containing 
. 46 and . 78 ppm organic selenium had no s igni f icant e ffect on b lood 
se lenium leve l . 
In contras t ,  there i s  lit tle documentation o f  bloo d  s elenium 
eoncentration o f  swine fed selenium in excess . Dudley ( 1 9 3 5 ) repor ted 
blood s elenium levels of . 2  to 5 . 0  ppm in four p igs suf fering from 
chronic inorganic se leno si s . Die tary s elenium lev e l s  o f  1 0 , 20  or 
40  ppm were found to increase b lood selenium concentrat ions to over 
2 . 0  ppm dur ing a 3 7 -d growth trial (Moxon and Mahan , 1 98 1 ) . Olson 
( 1 9 7 8 )  s tated that a b lo od selenium level less  than 1 . 0 ppm indicated 
chronic seleno si s  should no t be exp ect ed . Blood selenium leve ls from 
1 to 2 ppm ind icat ed a p o t ential prob lem ,  whi le levels over 2 . 0  ppm 
indicated chronic se leno s i s  could be expected . 
Diagnos t ic indicators o f  anemia include low packed cell volume 
(hematocr i t ) , low b lood hemoglobin level o r  incr eased serum b i l irubin 
(Guy ton , 1 9 8 1 ) . A decreas e in hemoglob in level due to chronic seleno s i s  
has been o b s e rved in rat s ( Franke and Po t ter , 1 9 34 , 1 93 5 ; Halverson 
et  al . ,  1 966 , 19 7 0 )  and dogs (Moxon , 1 9 3 7b; Rhian , 1 9 3 9 ) . In con tras t ,  
Smi th and Li llie ( 1 94 0 )  observed no decrease in hemoglobin concentra­
tion in ca t s  suf f ering f rom chro nic seleno s i s . Her igstad ( 1 9 7 2 )  and 
Harri son e t  al . ( 1 9 8 3 )  o b served no dif ference in packed ce ll vo lume o r  
hemoglobin level be tween control p igs and pigs with s elenos i s . Normal 
ranges for to tal b ilirub in , whole blood hemoglobin and packed cell 
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vo lume in swine a r e  0 to . 6  mg / 1 00 ml , 1 0  to 1 6  g/ 1 00 m l  and 3 2  to 50% , 
re spectively (Kaneko , 1 9 7 3 ) . 
Serum b il irub in can be used in different ial d iagno s i s  o f  
hemo ly tic anemia and l iver dys function i n  humans ( Guyton , 1 9 8 1 )  and 
dome s t ic l iv e s tock ( Smith et al . ,  1 9 7 2 ) . Early work by Smi th and co ­
worker s  ( 1 94 0 )  evalua ted the relative sens i t iv i t y  o f  the me thods  commonly 
used to de tect l iver dys functi on . They concluded tha t , under the ir 
experimental cond i t ions , serum b i lirubin was no t increased by or wi th 
the type o f  l iver damage caused by cont inued inges tion o f  selenium . I t  
should b e  no ted that cat s  and rabb i t s  were the exp erimental animals , and 
only s ligh t  liver damage was obs erved . Halverson and as sociates ( 1 9 6 6 ) 
found s erum b i l i rub in increased in anemic rats suf fering from chronic 
organic se leno s i s . Later research by the se au thor s  (Halverson et al . ,  
1 9 70 )  indicated anemia was cau sed by hemo lys is rather than a defect in 
red blood ce ll synthe s i s , thus explaining the increas e d  se rum b i lirubin 
no ted earlier  (Halverson et al . ,  1 96 6 )  when ra ts were f ed sel enium at a 
leve l o f  8 . 0  ppm . 
Blood Enzyme Act ivity 
Ro t ruck and co-wo rkers ( 1 9 7 3 )  established selenium as an 
ess ent ial component o f  the enzyme glutathione peroxidase and suggested 
that the level o f  thi s enzyme could be used in evalua t ing an animal's 
requirement for se lenium . Thi s  find ing promp ted cons id erab le research 
to determine the e f f ect o f  die tary selenium level on b l ood se lenium and 
glutathione peroxidase act ivity o f  various specie s .  However , only a 
limited number o f  res earcher s have used swine as the exper imental 
animal s , and s elenium was no t f ed in exces s  in any of the s e  s tudies . 
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Hakkarainen and associates ( 1 9 7 8 )  measured b lood s erum 
glutathione p eroxi da s e  and b lood selenium concentration o f  weanling p igs 
fed 0 ,  . 005, . 0 1 5 , . 04 5  o r  . 1 35  ppm inorganic s elenium , r espectively . 
In this exp eriment , s erum glutath ione peroxidase activi ty increased 
l inearly as dietary s elenium cont ent increased . Thes e  autho r s  f ound 
s erum glutathi one p e roxidase activi ty to be clo s e ly co rrelated (r = . 94 ,  
P< . 00 1 ) wi th b lood selenium when b lood selenium wa s le s s  than . 0 7 5  ppm . 
However , blood s e lenium leve ls f rom . 07 5  to . 20 0  ppm wer e  less  clos ely 
co rrelated (r = . 7 4 ,  P< . 00 1 )  wi th this enz yme . 
Supp lementat ion o f  a selenium-def icient basal d i e t  wi th . 1  ppm 
inorganic s elenium was found to incr ease p lasma glutathione p eroxidase 
of growing swine an average of 8 20% during a 2 0-wk p er iod ( Chavez , 1 9 7 9a ) . 
Thi s  author also reported a signi ficant co rre lation ( r  = . 6 5 )  be tween 
plasma glut athione p eroxidas e and blood se lenium concentration . Chavez 
( 1 9 7 9b )  a lso  s tudi ed the relat ionship be tween blood s e lenium concentrat ion 
and plasma glu�a thione peroxidas e activi ty of young pigs during a period 
o f  die tary s elenium depletion and rep let ion . In this experiment which 
was described in the s ection on b lood compo s i t i on , plasma glutathione 
peroxidase act ivi ty f o llowed a pat tern similar to blood s e lenium in 
response to dietary selenium concentration . Pigs rece iving the se lenium­
supplemented die t for the ent ire experimental perio d  showed an increase 
in p lasma glutathione p eroxidase act ivity during the f ir s t  .6 wk , while 
the enzyme act ivity in p lasma of pigs given the selenium-def ici ent diet 
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declined to a cons tant low level af ter 4 wk . Animals changed f rom a 
se lenium-supplemented diet to a selenium-de f ici ent die t  showed a 
signif icant decrease in plasma glutathione peroxidase act ivi t y  dur ing 
the firs t week on the deficient diet , with a slower rat e  o f  decline 
therea f t er . In contras t ,  pigs swi tched from a selenium-def icient diet 
to a selenium-supplemented diet showed a s igni f icant and s t eady increase 
in plasma glutathi one peroxidase act ivity . 
The relat ionship between ery throcy te gluta thione peroxidas e  
ac tivi ty and b lo od s e lenium i n  swine fed a selenium-de f ici ent diet or 
the same d i e t  supplemented wi th . 2  mg selenium per pig per day was 
inve s t igated by Sivert sen et  al . ( 1 977) . They repor ted a high 
correlat ion (r = . 90 )  between blood selenium and erythrocy t e  glutathione 
peroxi dase .  From the s tudies ci t ed above , the se researcher s  have 
concluded that b lood gluta thi one peroxidase activity i s  a sens i t ive 
index of a pig ' s  dietary s elenium s tatus . 
In con tras t ,  Thompson et al . ( 1 97 6 )  repor ted a low correlat ion 
(r = . 2 7 )  b e tween b lood selenium and b lood gluta thione peroxidase 
activi ty of  swine . Meyer et al . ( 1 98 1 )  found weekly pla sma gluta thione 
peroxidase activity increa sed and plateaued wi th incr eas ing level s  of 
dietary s elenium . Diets containing 0, .1, . 3 ,  . 5 ,  1 . 0 o r  2 . 0  ppm 
inorganic s e lenium ,  respect ively , were fed to 360  weanling swine during 
a 5-wk growth tr ial . Plasma gluta thione peroxidase act ivi t y  pla teaued 
at a die tary s e lenium concentra t ion of about . 4  ppm ; and the author s 
concluded tha t pla sma gluta thi one peroxidase should increase up to the 
animal's s e lenium requirement for· the forma tion o f  that enz yme , wi th no 
further increa ses at higher dietary selenium level s .  In the lat ter 
s tudy , p lasma glutathi one peroxidase act ivity was found to be only 
modera tely cor related (r = . 5 1 )  wi th p lasma selenium . 
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Blood glut athione peroxidase act ivi t y  has also been shown t o  be 
influenced by genet ics ( Jorgensen et al . , 1 9 7 7 ; Jensen et al . ,  1 9 7 9 )  and 
age but no t sex (Jorgensen et al . ,  1 9 7 7 ) . 
Serum glut amic-oxalacetic t ransaminase and glu t amic-pyruvic 
transaminase may increase f o l lowing organ tis sue d9mage ( S igma Chemical 
Co . ,  1 980a) . Halver son and co -worker s ( 1 96 6 )  o b served a mild but 
ins ignif ican t increa se in serum glutamic-oxa lacetic transaminase in rats 
which d i sp layed varying degrees o f  liver damage due to  chronic seleno s i s . 
S light increases o f  serum glutamic-oxalacetic transaminase were observed 
in sheep having high levels o f  selenium in liver and kidney and believe� 
to be suf fer ing from chronic seleno s is , while serum glutamic-pyruvic 
t ransaminase generally remained no rmal (Brown , 1 96 3 ) . Her igs tad ( 19 7 2 )  
ob served serum glut amic-oxalacet ic transaminase t o  be highly variab le in 
p igs wi th s e lenium toxicos i s . The level o f  thi s enzyme in s ome pigs wi th 
acute seleno s i s  was comp arab le to that found in cont r o l p igs , while in 
others thi s enzyme was drama t ically eleva ted . 
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MATERIALS AND METHODS 
One hundred f o r ty- four p igs were used in three exp e r iments to 
evaluat e  the e f f ect o f  exce s s  selenium on various parame t ers . Exp . 1 
and 3 and the growing pha s e  o f  Exp . 2 were performed a t  the Sou th Dako ta 
S ta t e  Univer s i ty Animal Science Comp lex in an envi ronmentally-controlled 
nurs ery room wi th p ens having plas tic or p la s tic-co ated expanded metal 
floors . Room temp erature was 2 7  C dur ing the f ir s t  3 wk of each trial 
and was gradually reduced to 23 ·C thereaf ter . Feed and wat er were 
supp lied ad lib i tum and light wa s provided for app roximately 9 h each 
day . Nee-terramycin and Tylan-5 0 were adminis ter ed to pigs that exhib i ted 
scour symp toms during the f i r s t  2 wk o f  experiment ation . All pigs were 
sprayed wi th Malathion-5 7 dur ing the exp er iment . Pig wei ght s and feed 
intake were reco rded weekl y during thi s phase of the three experiment s .  
The f ini shing phase of Exp . 2 was conducted at  the South Dako ta 
State Univer si ty Swine Uni t in an environmentally-modi f i ed room wi th 
pens having concre te f loor s bedded wi th wood chip s .  Feed and wa ter were 
supp lied ad lib i tum and na tural light was provided . Room temperature 
f luctuat ed in acco rdance wi th ou tside summer temp era ture . P ig we ight s 
and feed intake were recorded twice monthly . 
Blood sample s  were collect ed f rom the anterior vena cava o f  all 
pigs using a hep arini z ed syringe and an 18-gauge , 3 . 8-cm needle . 
Indivi dual b lo od s amp les were analyzed for packed cell volume , hemoglob in , 
p lasma bi lirub i n  and s e lenium .  .The packed cell vo lume was d et ermined by­
use o f  a microhema tocr i t  centrifuge and expres sed as p ercent volume o f  
packed red cells i n  whole blood . To tal whole blood hemoglob in 
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concentratio n  was determined by the co lorimetric me tho d  o f  Sigma 
Chemica l Co . ( 1 9 80b ) . Plasma bi lirubin concentration was de termined by 
the me thod o f  S i gma Chemical Co . ( 1 9 8 1 ) . Selenium ana lysis was by the 
fluo rome tric p ro ce dure o f  Ol son e t  al . ( 1 9 7 5 ) . 
Blood p lasma glu tamic-oxalace t ic transamina s e , glutamic-pyruvic 
transaminase , glut athione peroxidase and ce llular glutathi one peroxidase 
act ivi ties wer e  determined in al l three experiments . P lasma glu tamic­
oxalace tic and glu tamic-pyruvic transaminases were det ermined by the 
method of Sigma Chemical C o . ( 1 980a )  and expre s sed in terms of S igma­
Franke l ( S -F )  unit s /ml . The ind irect me tho d o f  Lawrence and Burk (1 9 7 6 )  
was used in de termination o f  cel lular and p lasma glutathione peroxidas e .  
The glu tathio ne pe roxidase values are given as Enzyme Uni t s  ( EU) per 
mg p ro tein and EU per mg hemoglobin , wi th EU repre s enting nrno les 
nico tinamide adenine dinucleo tide phospha te (reduced f o rm)  oxidized per 
minute . 
In Exp . 1 and 2 ,  all p igs were killed a t  termina tion o f  the 
exper iment and o rgans and t i s sue samp le s  ob tained . S e lenium concentra­
tions in liver , kidney , hear t , spleen and diaphragm muscle were 
de termined . Liver weights , expres sed as a percentage o f  body we ight , 
were recorded . Hair samples were co llect ed at termina t ion o f  the three 
exp eriment s along the dors al-midline using elect ric , small anima l 
clippers and analyz ed for se lenium . 
Pigs were eval uated da ily for external s igns o f  se lenium 
po isoning. Tho s e  pigs di splay ing external s igns o f  seleno s i s  were 
necrop s ied at the South Dako ta State Univer s i ty Ve ter inary Diagno s tic 
Laboratory . 
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Each experiment was analyzed a s  a randomiz ed , comple te block 
de s i gn using a leas t -s quares procedure (Goodnigh t , 1 9 7 9 ) . Single degree 
o f  freedom or tho gonal polynomial regres s io n  analys i s  was used to examine 
the linear , quad ra t ic and cub ic e f f ect s of die tary s e l enium treatment . 
Replicat ion was cons i dered a random variable . Thu s , the replication x 
tr eatment mean s quare wa s used as the denomina tor in the F t e s t s  for the 
trea tment and po lynomial e f f ect s . A probab i l i ty level o f  les s than . OS 
wa s the maximum level accepted as signif icant . Analys i s  o f  variance f o r  
al l variab le s in Exp . 1 ,  2 and 3 are presented in appendix tables 1 
through 1 1 . 
Experiment l 
Twenty-four weaned , cros sbred pigs ini tial ly averaging 8 . 0  kg 
were individually fed in a 6-wk experiment . Three barrows and three 
gilts  were allo t ted on the bas i s  o f  weight and ances try t o  each of four 
dietary s e lenium levels in a 4 x 3 x 2 factorial arrangemen t . 
Die t ary treatme nts I through IV were formula ted to contain 0 ,  3 ,  
6 or 9 ppm o f  s e lenium ,  re spec tive ly , as organic selenium . Die t s  were 
compos ed of wheat , oat s , corn and soybean mea l and supplement ed wi th 
vi tamins and minerals at  leve ls exceeding NRC recommendat ions . In diets 
II , III  and IV , wheat  and oats were replaced wi th se leni f erous wheat and 
oa t s  at leve l s  to ob tain the des ired dietary selenium leve ls . The 
selenium content o f  the s e leni ferous wheat wa s approximat ely 2 0  ppm , 
whi le that o f  the se leni ferous oats was approxima tely 7 ppm . Die tary 
compos i tion is shown in tab le 1 .  
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TABLE 1 .  COMPOS ITION OF DIETS FOR EXPERIMENT 1 
Diet  I II I I I  IV 
S elenium ,  ppm 
Cal cula ted 0 3 6 9 
I tem Anal:lzed . 4 7  2 . 58 5 . 60 8 . 40  
at 
/o 
Seleni ferous wheat 1 2  2 4 35 
Contro l wheat 35  2 3 1 1  
Seleniferous o a t s  6 1 3  20  
Contro l  o a t s  2 0  14  7 
Contro l  corn 1 7  1 7  1 7  1 7  
Soybean meal 24 . 86 24 . 8 6 24 . 8 6 24 . 86 
Dicalcium phospha t e  1 . 6 1 . 6 1 . 6 1 . 6 
Limes tone . 9 . 9  . 9  . 9  
Trace mineral i z ed s a l t
a 
b 
. 3  . 3  . 3  . 3  
Vi tamin-antibio t ic premix . 3 4 . 34 . 34 . 3 4  
Chemical ana lys i s , %
c 
Crude p ro tein 2 2 . 1  2 1 . 8  2 1 . 0  2 1 . 8  
a 
Supplied the following per kg o f  diet : z inc , 3 0  mg ; manganese , 
30 mg ; i ron , 24  mg ; sulfur , 6 . 6 mg ; copper , 2 . 4  mg ; iod ine , . 6  mg; and 
cobgl t , 75 1-1g .. 
Supplied the following per kg o f  diet : vi tamin A ,  4000 IU ; 
vi tamin D ,  4 0 0  IU ; vitamin E ,  8 . 8 IU ; vitamin K ,  3 . 5 mg ; r ibof lavin , 
4 . 4  mg ; panto thenic acid , 17 . 6  mg ; niac in , 28 . 2  mg ; choline , 1 7 6 mg ; 
vitamin B12 , 1 7 . 6  1-1g ; se lenium , . 1 58 mg ; sul fame thaz ine , 1 1 0 mg ; 
chlo r t e t racycline , 1 1 0  mg ; and penicill in , 5 5  mg . 
c 
As- f ed bas i s . 
Experiment � 
Twenty- four weaned , cros sbred barrows ini t ially averaging 8 . 4 kg 
were allot ted on the bas i s  o f  we ight and anc es try to four sodium seleni te 
trea tments , giving s ix p i g s  per treatment in the randomi z ed comp le t e  
b lock de s i gn . N i  e wk af ter ini tiat ion of  the exper iment , all pigs  were 
removed from the nur sery room to the Swine Uni t  and the experiment was 
cont inued for an addi t ional 8 wk. All pigs were indivi dually f ed during 
the 1 7 -wk growing-fini shing experiment. 
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Experimental d ie t s  were compos ed o f  whea t ,  oa t s , corn and 
soyb ean meal . Sod ium· s e leni te was added to provide supp lemental selenium 
levels o f  0 ,  3 ,  6 and 9 ppm in die ts I ,  II , I I I  and IV , respectively .  
Die tary compo s i t io n  i s  shown in tab le 2 .  The actual die tary selenium 
levels shown are an average o f  sample s taken from two f eed mixes . 
Banminth (pyrant el tar trate)  was no t included in the second mix . 
TABLE 2 .  COMPOSITION OF DIETS FOR EXPERIMENT 2 
Di e t  I I I  I I I  IV 
3 6 9 
I t em 
Se lenium , ppm 
Calculated 
Analyzed 
0 
. 4 7  2 . 7 1  5 . 55 9 . 00 
Wheat 
Oat s  
Corn 
35 
20 
35 
20 
1 7  
% 
35  35  
20  20  
1 7  1 7  
Soyb ean meal 
Dicalcium pho sphat e  
Lime s tone 
1 7  
24 . 80 24 . 7 5 24 . 6 9  24 . 6 3. 
1 . 6 
. 9  
. 3  
. 4  
1 . 6 1 . 6 1 . 6 
Trace mine rali z e d  salta 
b 
Vi tamin-antib i o t ic p remix 
Sodium s eleni te premix
c 
Chemical analy s i s , %
d 
. 9  
. 3  
. 4  
. 05 5  
. 9  . 9  
. 3  . 3  
. 4  . 4  
. 1 1  . 1 7 
Crude p ro tein 2 1 . 5  2 1 . 4  2 2 . 1  2 1 . 9  
a 
S upplied the fol lowing per kg o f  diet : zinc ,  30  mg; manganes e , 
30 mg; iro n ,  2 4  mg; sulfur , 6 . 6  mg; copper , 2 . 4  mg; iodine , . 6  mg; and 
cobsl t , 75  lJg . 
Supplied the following per kg of  diet : vi tamin A ,  4000 IU; 
vi tamin D ,  4 0 0  IU; vitamin E , 8 . 8  IU; vitamin K ,  3 . 5 mg; ribo f lavin , 
4 . 4  mg; panto thenic acid , 17 . 6  mg ; niacin , 28 . 2  mg; cho line , 1 76 mg; 
vi tamin B12 , 1 7 . 6  11g; selenium ,  . 15 8  mg; chlor tetracycli ne , 2 6 6  mg ; 
and pyrant el tar trate� 1 05 mg . 
� Five g se lenium as sodium selenite per kg o f  premix . 
As-fed bas i s . 
Exp eriment l 
Nine ty- s ix weaned , cro s sbred p igs averaging 8 . 0  kg ini t ially 
were used in a 5-wk growth exp er iment . Eight barrows and e ight gilts 
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were allo t ted on the basis o f  weight and ances try to each of s ix sodium 
seleni te t reatments which were rep licated f our t imes . Pigs were housed 
four per p en . 
Die tary t reatment s  I through VI consis ted o f  a corn-soybean meal 
fo r t i f ied d i e t  s upplemented wi th sodium seleni te at lev e l s  of 0 ,  4 ,  8 ,  
1 2 , 1 6  and 2 0  ppm se lenium ,  respectively . Comp o s i t i on o f  the exp eri-
mental diets i s  shown in table 3 .  
TABLE 3 .  COMP OSITION OF DI ETS FOR EXP ERIMENT 3 
Di e t  I II II I IV v 
S e lenium ,  ppm 
Calcula ted 0 4 8 1 2  1 6  
I t em Analyzed . 4 0 4 . 20 7 . 84 1 1 . 2 7 1 6 . 4 3 
% 
Corn 64 . 9  64 . 9  64 . 9  64 . 9  64 . 9  
Soybean meal 3 1 . 96 3 1 . 8 8 3 1 . 80 3 1 . 7 1 3 1 . 6 3  
Dicalcium pho sphate 1 .  8 1 . 8 1 . 8 1 . 8 1 . 8 
Limes tone . 8  . 8  . 8  . 8  . 8  
Salt (whi t e )  . 3 . 3  . 3  . 3  . 3  
Trace mineral-vi tamin-
antib i o t ic premix a . 24 . 24 . 24 . 24 . 24 
Sodium seleni te p r emix b . 08 . 1 6 . 25 . 3 3  
Calculated analy s i s , %
c 
Crude p ro tein 20 20  2 0  2 0  2 0  
VI 
20 
20 . 45 
64 . 9  
3 1 . 5 4 
1 . 8 
.8 
.3 
. 24 
. 4 1  
20 
a 
Supp lied the fo llowing per kg o f  diet : vitami n A ,  3894 IU; 
vi tamin D ,  3 8 9  IU; vi tamin E ,  1 6 . 5  IU; vitamin K, 3 . 3  mg; r ibo f lavin,  
4 . 95 mg; pan to thenic aci d , 1 9 . 8  mg ; niacin ,  26 . 4  mg; vitamin B12, 
1 9 . 8  �g; zinc ,  100 mg ; iron, 75  mg ; copper , 7 . 5  mg; mangane se , 25 mg; 
io dine , . 1 7 5  mg; se lenium , . 1  mg; pyrantel tar trate , 1 05 mg· ; and 
ch lgrte tracycl ine , 2 6 6  mg . 
Five g s e lenium as sodium selenite per kg o f  premix . c 
As -fed bas i s . 
Experiment ! 
RESULTS 
The ef f e c t  o f  dietary organi c selenium levels o f  0 ,  3 ,  6 or 
9 ppm on p ig p er f o rmance is presented in table 4 .  Dai ly gain , daily 
feed intake and f ee d  convers ion were no t af f e c t ed s t a ti s ti ca l ly by 
di etary treatmen t . Pigs f ed 9 ppm selenium had a numerically lower 
da ily gain and dai ly f eed intake in compar i son wi t h  p igs f ed 0 ,  3 o r  
6 ppm s e lenium . Dai ly gains were . 6 0 ,  . 5 9 , . 5 9 and . 5 4 kg and daily 
25 
feed intakes were 1 . 0 9 , 1 . 05 , 1 . 05 and . 98 kg for p igs f ed 0 ,  3 ,  6 and 
9 ppm s elenium ,  resp ec t ively . 
TABLE 4 .  EFFECT OF S ELENIUM LEVEL ON PERFORMANCE 
OF P IGS FED FOR 6 �fflEKS ( EXPERIMENT 1 ) a 
Selenium level , EEm 
I t em 0 3 6 9 
�g dai ly ga in , kg . 60 . 5 9 . 5 9 . 54 
�g dai ly f eed , kg 1 . 09 1 . 05 1 . 05  . 98 
Feed /gain 1 . 7 9 1 . 7 8 1 . 7 8  1 . 8 0  
SE 
. 02 7  
. 06 
. 05 
a Six ind ividua l ly-fed p igs per treatment; avg ini t ial wt , 8 . 0 kg . 
Se lenium concentration in liver , kidney , hear t , sp leen , diaphragm 
muscle and hair all inc r eased linearly (P< . 0 1 )  wi th increas ing level o f  
dietary selenium ( table 5 ) . Kidney se lenium concentrat i o n  wa s s imilar 
to that of l iver for p igs f ed 3 ,  6 or 9 ppm se lenium . I t  was no ted tha t 
wi thin a tre a tment b lack hair gave a higher selenium value than did whi te 
or red hair . Dep endi ng on hair colo r , the selenium level ranged from 
2 . 5 9 ppm (wh i t e )  t o  1 6 . 4 8 ppm (black) when p igs received 6 ppm o f  die tary 
TABLE 5 .  EFFECT 
OF PIGS 
I tem 
L .  b 1ve r 
b Kid neb 
He ar t 
b Sp leen 
b muscle Diapgragm 
Hair 
b Liver , % body wt 
OF S ELENIUM LEVEL ON ORGANS AND TIS SUES 
FED FOR 6 WEEKS (EXPERIMENT 1 )  a 
Selenium level , EEID 
0 3 6 9 
. 82 3 . 1 7 5 . 1 2 6 . 7 9 
1 . 7 2  3 . 44 5 . 1 2 6 . 6 2  
. 43 1 . 85 2 . 8 8  4 . 1 0 
. 5 3 1 . 5 1  2 . 54 3 . 4 9  
. 3 2 1 . 6 3 2 . 78 3 . 7 2 
. 80 4 . 07 8 . 53 1 0 . 5 1 
2 . 5 1  2 . 65 2 . 7 3 2 . 94 
a 
b 
Par t s  per million s elenium ,  we t bas i s . 
Linear e f fect ( P< . 0 1 ) . 
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SE 
. 2 1 
. 3 0 
. 09 
. 05 
. 1 2 
1 . 2 9 
. 07 
se lenium and 4 . 04 ppm (red)  to 1 7 . 80 ppm (black ) when the diet  <?ontained 
9 ppm se lenium . In this expe riment , liver wei ght as a percentage o f  
body we igh t  increased linear ly (P< . 0 1 )  with increas ing selenium level 
( t able 5 ) . 
The e f f ect o f  selenium level on blood comp o s i t ion i s  shown in 
tab le 6 .  Selenium leve l s  o f  the blood incr eased linearly (P< . 0 1 )  wi th 
increas ing d ie tary s elenium level . Increasing die tary levels o f  
selenium had no e f fect o n  packed ce ll vo lume , plasma b i l irub in or 
hemo globin level s o f  the bloo d . Male pigs were found to have a hi gher 
( P< . OS )  packed ce ll vo lume and hemoglobin level than female p i g s . 
The level o f  cel lular or plasma glu tathi one peroxidas e was not 
inf luenced by diet ary selenium level . In add i t ion , die tary se lenium 
leve l had no e f f ect on p lasma glutamic-oxalace tic transamina se or p lasma 
glutamic-pyruvic transaminase act ivity . Blo od enzyme act ivity for 
Exp . 1 is presented in table 6 .  
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TABLE 6 .  EFFECT OF SELENIUM LEVEL ON BLOOD COMPOS I T I ON AND ENZYME 
ACTIVI TY  OF P IGS FED FOR 6 WEEKS ( EXPERIMENT 1 )  
I t em 
Selenium , ppma 
Packed c e l l  vo lume , % 
Hemo glob in , g / 1 00 ml 
Plasma b i l irub in ,  mg/ 1 00 ml 
0 
Se lenium leve l , ppm 
3 6 
Blood comp o s i t ion 
. 24 
4 2 . 0  
1 3 . 2  
. 22 
. 88 
4 3 . 0  
1 3 . 5  
. 2 1  
1 . 7 9  
4 2 . 0  
1 3 . 3  
. 23 
Blood enzyme ac tivity
b 
GSH-Px cells  
EU/mg p ro tein 
EU/mg hemo glob in 
GSH-Px plasma 
EU/mg p ro tein 
GOT ,  S-F uni t s /ml 
GPT ,  S-F uni t s /ml 
a 
2 7 . 1  
4 1 . 5  
7 . 4 
44 . 7  
2 0 . 4  
3 1 . 7  
48 . 6  
1 0 . 6  
5 2 . 8  
24 . 9  
2 4 . 7  
3 6 . 6  
9 . 5 
4 6 . 3  
2 5 . 2  
9 
2 . 4 2  
4 2 . 0  
1 3 . 3  
. 3 3  
2 7 . 4  
4 0 . 6  
1 0 . 7  
6 0 . 5  
24 . 2  
SE 
. 1 4 
1 . 3 3  
. 48 
. 06 3  
3 . 04 
4 . 40. 
1 . 0 2  
7 . 7 2  
3 . 35 
b Linear e f f ec t  ( P< . 0 1 ) . Glut athione peroxidase (GSH-Px) , glutamic -oxala c e t i c  transaminase 
(GOT) and glutamic -pyruvic transaminase (GPT) . 
Experiment l 
Pi g perf ormanc e did no t differ s igni f icantly when the basal diet 
was supp lemented wi th sodium seleni t e  t o  p rovide 3 ,  6 or  9 ppm o f  dietary 
selenium ( tab le 7 ) . Da ily gains of  pigs fed supp lemental se lenium were 
equa l or superior to tho s e  of pigs  fed the unsupplement ed d i e t . However , 
feed intake and feed / gain were somewhat grea ter when d i e t s  contained 
supp lemental s e lenium . 
Se lenium concentrat ions in organs and ti-s sues were s i gni f icantly 
affec ted by dietary trea tment ( tab le 8 ) . Kidney , hear t , diaphragm musc le 
and hair se lenium conc entra t ions each increased linear ly (P< . 0 1 )  as 
die tary se lenium level increased . Selenium concent rat ion in spleen and 
TABLE 7 . EFFECT OF S ODIUM SELENITE LEVEL ON PERFORMANCE 
OF P IGS FED FOR 1 7  WEEKS (EXPERIMENT 2 )
a 
Selenium level , ppm 
I t em 0 3 6 9 SE 
Avg daily gain , kg . 7 4 . 78 . 7 4 . 7 7 . 0 2 7  
Avg dai ly f eed , kg 2 . 09 2 . 31 2 . 1 5  2 . 2 7 . 1 1  
Feed / gain 2 . 7 9 2 . 97 2 . 90 2 . 95 . 08 
a 
Six individua l ly- fed p i gs p er treatment ; ini t ial wt , 8 . 4 kg . 
TABLE 8 .  EFFECT OF SODIUM S ELENITE LEVEL ON ORGANS AND TIS SUES 
OF PIGS FED FOR 1 7  WEEKS ( EXPERIMENT 2 } a 
I t em 
L . b , c  1ver b 
Kid neb 
Hear t 
b d Sp leen ' 
b Diapgragm mus c le 
Hair 
e 
Liver , % body wt 
0 
. 64 
1 . 6 5  
. 4 2 
. 38 
. 31 
. 98 
1 . 6 0 
Selenium level , ppm 
3 6 
2 . 5 6  
2 . 1 5  
. 4 9  
. 61 
. 3 7 
2 . 81 
1 . 5 4  
3 . 23 
2 . 4 3  
. 6 2 
. 5 5 
. 40 
4 . 26 
1 . 8 5  
a 
b Par ts p er million sel enium , we t basis . 
Linear e f fec t (P< . 01 ) . c 
d Quadra t i c  ef f e c t  (P< . 01 ) . Cub ic e f f ec t  (P< . O l ) . e 
Cub ic e f f ec t  (P< . 05 ) . 
9 
3 . 6 3  
2 . 98 
. 6 9  
. 94 
. 4  7 
4 . 2 4 
1 . 7 1  
28 
SE 
. 1 9  
. 1 5 
. 0 3 
. OS 
. 0 2 
. 7 5 
. 0 7 
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liver increased cub i ca lly (P< . O l )  and quadrat ically (P< . O l ) , respec­
t ive ly , as supplemental selenium level increased . In t hi s  exper iment , 
liver s elenium c·oncentration was simi lar to that o f  kidney at  all levels 
o f  selenium supp lementat ion . Liver wei ght as a percentage o f  body 
weight was a f f ec ted cub i cally (P< . OS )  by dietary trea tment , increas ing 
at the two higher s e l enium concentra tions ( table 8 ) . 
Increas ing levels of supp lemental selenium resu l t ed in a linear 
increase (P< . O l )  in b lood selenium concentrat ion ( tab l e  9 ) .  Packed cell 
vo lume and hemo glob in levels of  the blood were no t a f f ec t ed by dietary 
treatments . In this exper iment , the p lasma bilirubin levels were too 
low to accurately meas ure . 
The e f f e c t  of  supplemental selenium level on b l ood enzyme 
ac t ivity is presented in tab le 9 .  Cellular and p lasma glutathione 
peroxidase level s  incr ea sed quadrat ically (P< . 05 )  as the leve l o f  
supp lemental s e lenium incr eas ed . The lowe s t  leve l s  o f  s o d ium se leni te 
supp lementation (3 and 6 ppm selenium) produced the maximum increase in 
ce llular glutathione p eroxidas e and plasma glutathione peroxidase , whi l e  
the highes t leve l o f  sod ium seleni te ( 9  ppm selenium ) t ended t o  decrease 
this maximum value s li ghtly . Die tary treatment had no inf luence on 
plasma glutami c -oxalac e t ic transaminase and glutamic-pyruvi c  transamina se 
ac t ivit y . 
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TABLE 9 .  EFFECT OF S ODIUM SELENITE LEVEL ON BLOOD COMPO S ITION AND 
ENZYME ACTIVITY OF P IGS FED FOR 1 7  l�EKS (EXPERIMENT 2 ) a 
I t em 
Selenium ,  b ppm 
Packed c e l l  vo lume , % 
Hemo glob in , g / 100  ml 
GSH-Px cells 
EU/mg protein c 
EU/mg hemoglob in c 
GSH-Px p lasma d EU/rng p ro tein , e  
GOT , S -F uni ts /ml 
GPT ,  S -F unit s /ml 
0 
Selenium leve l , ppm 
3 6 
Blood comp o s i t ion 
. 3 1  . 94 2 . 1 3 
4 2 . 0  4 2 . 0  4 1 . 0  
1 2 . 7  1 2 . 6  1 2 . 6  
Blood enzyme act ivity 
2 5 . 4  
-
3 5 . 8  3 7 . 4  
3 7 . 8  5 3 . 6  5 7 . 6  
6 . 3 7 . 9  7 . 9  
4 2 . 0  4 5 . 0  4 9 . 0  
3 0 . 0  34 . 0  3 8 . 0  
9 SE 
3 .  8 4  . 28 
3 9 . 0  1 . 2 7 
1 2 . 6  . 48 
3 1 . 0  2 . 8 1  
4 5 . 7  3 . 7 3 
7 . 5  . 3 3 
4 0 . 0  8 . 08 
3 7 . 0  3 . 5 7  
a Glutathione p eroxidase (G SH-Px) , glutami c -oxalace t i c  t ransaminase 
( GO£ ) and glutamic -pyruvic transaminase (GPT) . 
Linear e f f e c t  (P< . O l ) . 
� Quadrat i c  e f f ec t  (P< . O l ) . 
Quadra t i c  e f f ec t  (P< . 05 ) . e Linear e f fe c t  ( P< . 05 ) . 
Expe riment l 
Growth rate and f eed intake decreased l inearly (P< . 0 1 )  as the 
re sult of adding increas ing leve ls of sodium se lenite to the diet 
( t ab le 1 0 ) . Dai ly gains were . 45 ,  . 4 2 ,  . 3 2 ,  . 22 ,  . 1 3 and . 03 kg and 
da ily f eed intake s were . 7 9 ,  . 7 9 ,  . 5 9 ,  . 4 7 ,  . 3 7 and . 25 kg f o r  p i gs fed 
diets o f  0 ,  4 ,  8 ,  1 2 , 1 6  and 20 ppm o f  se lenium , respe c t ively . Five 
p i gs f ed the die t conta ining 20 ppm inor ganic s e lenium and two pigs fed 
the 16 ppm s el enium diet los t we ight dur ing the 5-wk experiment . Pi gs 
fed die t s  containing 8 ,  1 2 , 1 6  or  20 ppm se lenium showed a de f inite 
aver s ion to the se leniferous die ts and f eed wa s tage was a problem 
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TABLE 1 0 . EFFECT OF SODIUM SELENITE LEV EL ON PERFORMANCE 
OF P IG S  FED FOR 5 WEEKS (EXPERIMENT 3 )
a 
Selenium level 2  EEm 
I t em 0 4 8 1 2  1 6  2 0  SE 
�g dai ly ga in , kg . 45 . 4 2 . 3 2 . 22 . 1 3 . 03 . 034 
�g dai ly feed , kg . 7 9 . 7 9 . 5 9 . 47 . 3 7  . 25 
Feed/ gain c 1 . 7 8 1 . 8 5  1 . 8 2  2 . 1 2 2 . 8 2  7 . 5 9  
a 
b S ixteen p ig s  p e r  t rea tment ; ini tial wt , 8 . 0 kg . 
Linear e f f e c t (P< . 0 1 ) . c S ta t i s ti c al analys i s  was no t per f o rmed due to a negative 
feed / gain value for one rep lication of pigs f ed 20 ppm seleni um . 
Feed/ gain data are presented as total feed intake /net gain for  al l 
pigs per selenium treatment . 
. 04 
throughout the expe r imental period . Feed / gain increa sed numerically as 
supp lemental selenium level increased . Feed conversion data were not 
s ta t i s tically ana lyz ed due to a nega t ive f eed / gain value for one 
rep lica tion of p i g s  f ed 20 ppm selenium . This negativ e  feed / gain value 
was a result of nega tive pig gain due to selenium trea tment . Therefore , 
feed / gain da ta ar e pres en t ed on a selenium treatment ba s i s  wi th 1 6  pigs 
per t reatment and wer e  calcula ted by dividing to tal f eed intake by ne t 
gain for all p i g s  per selenium treatment . 
Bloo d comp o s i t ion and selenium cont ent o f  hair f or Exp . 3 are 
shown in tab le 1 1 . Plasma b ilirubin and hai r  selenium c oncentra t ions 
increa s ed q uadra t i c a lly (P< . 0 1 ) , whi le blood selenium increased linear ly 
(P< . 0 1 )  as the leve l  of supp lemental se lenium inc r eased . Packed cell 
volume and hemo glob in levels did no t d i f f er among treatments . 
The e f f e c t  o f  supp lemen tal selenium level on b lood · enzyme ac tivi ty 
is shown in tab le 1 2 .  Ce llular gluta thione peroxidase level increased 
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TABLE 1 1 . EFFECT OF SODIUM S ELENI TE LEVEL ON BLOOD COMP OS I TION AND 
HAI R  S ELENIUM CONTENT OF P IGS FED FOR 5 WEEKS ( EXP ERIMENT 3 )  
Item 
Blood se lenium ,  
a 
ppm 
Packed cell vo lume , % 
Hemo glob in , g / 1 00 ml 
Plasma b i lir�b�n ,  
mg/ 1 00 ml ' a b 
Hai r  selenium , ppm ' 
0 
. 32 
3 8 . 0  
1 2 . 1  
. 09 
1 . 9 
a Linear ef f ec t (P< . 0 1 )  . 
b Quadrat ic e f f ec t  (P< . 01 ) . 
Selenium level 2 EEm 
4 8 1 2  1 6  2 0  SE 
1 . 1 3 2 . 1 1  2 . 5 9 3 . 43 3 . 5 0  . 3 2  
3 8 . 0  3 8 . 0  3 7 . 0  3 8 . 0  3 7 . 0  . 8 9 
1 1 . 8 1 1 . 5  11 . 7  1 2 . 0  1 1 . 8 . 4 0 
. 07 . 08 . 1 1 . 06 . 2 2 . 0 28  
4 . 6  1 1 . 1  9 . 9  1 0 . 1  7 . 6 1 . 1 7  
TABLE 1 2 . EFFECT OF S OD IUM SELENI TE LEVEL ON BLOOD ENZYME ACTIVITY 
OF P IGS FED FOR 5 WEEKS ( EXPERIMENT 3 ) a 
I t em 
GSH-Px cells 
b EU /mg p ro tein , c
b EU/mg hemo glob in , c  
GSH-Px plasma b EU/mg pro tein 
b GOT , S-F uni t s /ml
b GPT ,  S-F uni ts /ml 
0 
1 6 . 3  
2 6 . 4  
3 . 1 2 
41 
3 2  
Se leni um level , ppm 
4 8 1 2  1 6  
2 0 . 5  
3 3 . 1  
24 . 7  
4 1 . 1  
2 6 . 8  
4 3 . 0  
2 4 . 5  
40 . 5  
3 . 5 3  
4 0  
3 2  
6 . 08 
5 7  
44 
5 . 90 
78 
4 7  
6 . 7 0 
8 7  
5 1  
2 0  
25 . 1  
40 . 7  
7 . 88 
8 7  
5 6  
SE 
1 . 3 6 
2 . 1 5 
. 5 9  
6 . 7 5  
3 . 1 1 
a Glutathione p eroxidase (G SH-Px ) , glutamic -oxalac e t i c  trans aminase 
(GO� ) and glutamic -pyruvic transaminase (GPT) . 
Linear e f f e c t  (P< . 01 ) . 
c 
Quadra t i c  e f f ec t  (P< . O l ) . 
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quadra t ically (P< . O l ) ,  whi le plasma glutathione peroxida s e , p lasma 
glutamic-oxalac e t i c  t ransamina se and p lasma glutamic-pyruv i c  transaminas e  
leve ls increased linearly (P< . O l )  as the level o f  supp l emental selenium 
increased . 
S i gn if ic an t  treatment x rep lication interact i ons wer e  found for 
cellular gluta thione p eroxidas e , p lasma glutathione p eroxida s e  and 
blood s e lenium . Thes e two-way interac tions wer e  the result o f  
unexp lainab l y  incons i s t ent values for the s e  parame t e r s  in r ep lication 
two of p igs fed 8 or 1 2  ppm selenium and rep lications one and three o f  
p i g s  f e d  20 ppm . A s i gnif icant trea tment x sex interac t ion was found 
for cellular g lutathione p eroxidase .  Female p ig s  f ed 0 ,  4 or 20 ppm 
se lenium had h igher c ellular gluta thione p eroxidase levels than males , 
while sex had the opp o s i te e f f ec t  on pigs f ed 8 ,  1 2  o r  1 6  ppm selenium . _ 
Further resear ch may be warranted to verify or f ul ly exp lain thi s 
ob servation . S i gnif icant three-way int eract ions ( treatment x rep licat i on 
x s ex )  were found for  b lood se lenium and p lasma bi lirub i n . Thi s type o f  
interac tion canno t b e  logically explained . 
Two p i g s  f ed diets  o f  1 2  ppm selenium developed hoo f  les i ons 
during the f ourth week . All four fee t  of bo th p i g s  were s everely af fec ted 
by the end o f  the experimental perio d . One pig f ed 2 0  ppm selenium 
deve lop ed pos t er i or paralysis  of  the hind legs at the end o f  the third 
week of experimenta tion . Bi lateral symmetrical malacia of the gray 
ma t ter of the ventral horns wa s ob served upon ne crop sy . 
Figure s 1 through 6 are pho tographs of  one rep l i ca ti on of  pigs 
fed . 4 7 , 4 . 20 ,  7 . 8 4 , 11 . 27 ,  1 6 . 4 3  or 20 . 45 ppm selenium ( ac tual analys i s ) , 
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resp e c t ively , for app roximately 5 wk . Figures 1 and 2 indicate 4 . 20 ppm 
selenium had no e f fect on weight gain , wi th average p i g  weights being 23 
and 26 kg , respec t ively . Average pig weight s in f igures 3 and 4 were 16 
and 14 kg , respec t ively , and demons trate the ef f e c t  o f  exc ess  dietary 
se lenium ( 7 . 84 and 1 1 . 2 7 ppm) on weight gain . Hoof les ions are present 
on all four feet of the black pig on the lef t  in f i gure 4 .  Figures 5 
and 6 ( 1 6 . 43 and 2 0 . 45 ppm selenium) indica te the individual variation 
in susc ep t ib il i ty to s e lenium poi soning . Pig weight s in f igure 5 ranged 
from 6 to 2 1  kg , wi th an average pig weight of 1 2  kg . The rough hair 
coat and unthr i f ty app earanc e of some pigs can be no t ic ed . Pig wei ghts 
in figure 6 ranged f rom 5 to 14 kg , wi th an average pig wei ght o f  9 . 4 kg . 
Emac ia tion , rough hair coa t , tucked -up app earanc e of  abdomen and 
unthri f t ine s s  are evident among these pigs . 
Li t t erma t e  p i g s  fed diets of . 4 7 or  1 1 . 2 7 ppm selenium for 5 wk 
are compared in f i gure 7 .  The p ig on the le f t  was f ed the die t 
containing 1 1 . 2 7 ppm s e lenium and is one o f  two p ig s  that developed hoo f 
les i ons . This p ig wei ghed 14  kg , while i t s  litt ermate wei ghed 30  kg . 
Hoo f  les ions typ ical o f  chronic se leno s i s  are shown in 
figure 8 .  The les ions have . p rogress ed to the ext ent tha t the hoo f  wall 
has bec ome s eparat ed from hide at the coronary band . 
Discuss ion 
Pig performanc e da ta indicate tha t the level of di etary 
se lenium requ i red to p roduce a reduc t ion in growth rate and feed intake 
is great er than 9 ppm when p i g s  are f ed 2 1 %  pro tein d i e t s  conta ining 
35 % wheat , 2 0 %  oa t s , 1 7 % corn and 25 % soyb ean mea l (wheat  die t ) . Weight 
Fi gure 1 .  Control p i g s  fed a diet conta ining 
. 4 7  ppm s elenium for 5 wk . 
Fi gure 2 .  Pi gs fed a diet containing 
4 . 2 0 ppm selenium for 5 wk . 
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Fi gure 3 .  Pigs fed a diet containing 
7 . 84 ppm selenium for 5 wk . 
Figure 4 .  Pigs fed a diet containing 
1 1 . 2 7 ppm selenium for 5 wk . 
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Figure 5 .  Pigs  f ed a diet  containing 
1 6 . 4 3 ppm s elenium for 5 wk . 
-------- -- --. ----�-----�--------------.... 
Fi gure 6 .  Pigs  f ed a diet containing 
2 0 . 45 ppm s elenium for 5 wk . 
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Figure 7 .  Comp ar ison o f  contro l p i g  ( right ) and li t terma te 
fed 1 1 . 2 7 ppm selenium for 5 wk . 
Fi gure 8 .  Hoo f les ions typ ical o f  c hr oni c s eleno s
.
is . 
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gain and f eed intake were no t af fec ted b y  selenium intake (up t o  9 ppm 
whe ther d ie t s  wer e  formulated wi th ingredien t s  natura l l y  high in organic 
selenium or if s o d ium seleni te was utilized as the selenium source . In 
contras t ,  t he l evel of supplemental sodium seleni t e  required to p roduce 
a reduct ion in growth ra t e  and f eed int ake is b e tween 4 and 8 ppm 
selenium when f eeding 2 0 %  pro tein corn-soybean mea l  d i e t s  ( co rn die t ) . 
Al though the data are very limit ed , s imilar o b servations have 
been rep or ted . Scho ening ( 1 93 6 )  observed s i gns o f  chronic s elenosis  in 
p igs f ed corn containing 10 ppm selenium . However , these pigs made 
we ight gains whi ch were s imilar to pigs  receiv ing contro l corn or corn 
containing 5 ppm s e l enium . Growing pigs f ed torula yea s t  d i e t s  
containing 5 to 1 0  p pm s e lenium a s  selenomethione showed n o  reduc tion in 
gain when comp ared to control animals (Heri g stad , 1 9 7 2 ) . 
Wahl s t rom and a s s oc iates ( 1 95 5 , 1 9 5 9 )  repor t ed a reduc t ion in 
growth rate and feed intake in p ig s  fed a 1 5 %  protein c orn-soybean meal 
diet s upp lemen t ed wi th sod ium seleni t e  at level s  of 7 or 1 0  ppm selenium . 
Later research f ound sodium s e leni te supplementation o f  a 20%  pro tein 
corn-soybean mea l  d i e t  a t  a level of 5 ppm selenium caused a reduction 
in growth rate and f eed intake when f ed to weanling swine (Moxon and 
Mahan , 1 98 1 ) . P i g  p e r f o rmance result s  o f  Exp . 3 corresponded quite 
clo sely to r esul t s  of the la tter s tudy . 
In supp o r t o f  the resul t s  repor ted her ein , c orn-ba sed diets 
containing s e lenium wer e  mor e  toxic to  rats than tho s e  based on wheat , 
regardless o f  whe ther s e lenium was in the form o f  sodium se leni te or 
na turally-oc curr i ng s e lenium (Palmer et al . ,  1 98 3 ) . The s e  author s  also 
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found corn o r  whea t  d i e t s  supp lement ed wi th sodium se leni t e  to be more 
toxic than corn o r  wheat d ie t s  containing comparable levels of  naturally­
occurring s elenium . However , Halverson and co-wo rker s ( 1 9 6 6 ) obs erved 
no d i f ference in the level at which selenium b ec omes toxic to rats when 
comp aring whea t  d ie t s  sup p lemented wi th exc e s s  sodium seleni t e  and wheat 
diet s  na turally h i gh in se lenium . S ince pig p er fo rmance was una f f ec t ed 
by t reatments ut i l i z ing whea t  diets in bo th experiment s  pres ent ed 
herein , no comparison can be made conc erning the toxi c i ty o f  the selenium 
sources  used in the s e  diet s . the resu l t s  do ind ir e c tly ind i cate sod ium 
se leni te s upp lemented to a corn diet i s  more toxic to swine than sod ium 
seleni t e  supp lemented to a wheat di et . 
Sub s t i tut ing linseed o i l  meal for soybean meal has b een shown to 
provide protec t ion agains t vi s ible signs of chroni c se leno s i s  but did 
no t improve the rate of gain of pigs fed se leni f erous d i e t s  (Wahlst rom 
et  a l . ,  1 9 5 6 ) . Palmer e t  al . ( 1 98 0 ) , working with rat s , r eported that 
two cyanogenic glyc o s i de s , linu s ta t in and neolinu s t a t in , wer e  responsible 
for the pro tec t ive e f f ec t  of  linseed oil meal . I t  i s  conc e ivable that 
similar p ro tec t ive mechani sms exis t in the whea t die t s  fed in these 
experiments . 
I t  i s  commonly ac c ep ted in s tudies on the nutr i t iona l  aspec t s  of 
toxi c  subs tanc es that animal respons e wil l  be variab le . Previous 
res earch indicated s ome pigs were more suscep tible to s elenium poi soning 
than o ther s (Wahls tr om e t  al . ,  1 95 5 , 1 95 9 ) . Some p i g s  in Exp . 3 were 
more sus cep tib le to s e lenium p o"isoning than o ther s , as indica ted by the 
oc currence o f  ho o f  lesions , pos ter io r paraly s i s  and wei ght loss in some 
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ind ividuals f ed the hi gher selenium diets. . The ext remely poor gain o f  
thos e  p i gs f ed 1 6  or  2 0  ppm se lenium app eared to b e  due t o  starvat ion 
becau s e  of  f ee d  refusal . Pigs f ed d i e t s  containing 20 ppm selenium had 
an extremely poor f eed conver s ion . I t  app ears the sma l l  amount o f  feed 
consumed by thes e p i g s  met l i t t le more than their requirement for 
maintenance .  Thi s  p oo r  f eed conver sion was no t unexp e c ted a s  several 
pigs lo s t  weight or gained poor ly . In addit ion , exc e s s ive f eed was tage 
due to s o r ting may have been a contributing fac to r . Fur ther inves t igation 
may be warrant ed to fully explain the ef fect s of exc e s s  selenium on 
nutrient abs orp t ion and ut ilization and thus feed conv er s i on . 
Organ and t i ssue selenium concent rat ions wer e  found to be direc t ly 
proport i onal to the dietary selenium concentrat ion . Thi s  f inding i s  in 
agreement wi th r esul t s  o f  s tudies in which pigs  were f ed adequate but not 
exc e s s  s elenium (Ewan , 1 9 7 1 ;  Gro ce et al . ,  1 9 7 1 ; Ku et al . ,  1 9 7 2 ,  1 9 7 3 ; 
Young et al . ,  1 9 7 6 ; Mahan and Moxon , 1 98 0 ; Meye r e t  a l . , 1 98 1 ) . In 
comparisons acr o s s  exp er iment s ,  levels of selenium in organs and tissues 
o f  pigs f ed the control d iet for 17 wk (Exp . 2) were s imilar to levels 
found in tho se pigs that rec eived the diet for only 6 wk (Exp . 1 ) . 
However ,  the s e lenium content of organs and tissues found in pigs f ed 
die t s  supp lemented with sodium s eleni te was cons iderabl y  l e s s  than that 
found in p i g s  f ed s imilar levels o f  selenium but derived from selenif erous 
grains . Thi s  ob s ervat ion correspond s  wi th resu l t s  of Smith et  al . ( 1 9 3 7 ) , 
Halverson et  al . ( 1 96 6 ) , Jenkins and Winter ( 1 9 7 3 )  and Ku e t  al . ( 1 9 7 3 ) . 
A high p er c entage o f  the na turally-occurring s e lenium in many 
plan t s  i s  in the form of selenomethione (Allaway et al . ,  1 9 6 7 ) . Chavez 
( 1 9 7 9b )  theori z e d  selenium in the form o f  selena-amino ac id analogous 
of met hi onine can be inc orporated nonspec i f ically , and perhaps 
undi s t inguishab ly , f rom the sul fur-amino acid into t i s s ue pro teins . 
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. However , when inges t ed in an inorganic form ,  the pathway o f  selenium 
into t i s sue pro t e ins i s  under mor e  sp eci f ic control  mechani sms . Thus , 
the di f f er ence in s e lenium levels of o rgans and t i s sue s be tween pigs 
fed inorganic or organic s e lenium may b e  accounted for by the dif f erence 
in me tab o li sm o f  the two forms of  selenium . 
In b o th exp e r iment s ,  liver and kidney were found to have higher 
se lenium c oncentrat i ons than heart , sp leen and diaphragm mus cle at each 
dietary s elenium level . Thi s  obs ervat ion has p revious ly been made wi th 
pigs f ed exc e s s  s elenium (Dud ley , 1 9 35 )  and adequa t e  level s of selenium 
(Ku et  al . , 1 9 7 3 ; Young et  al . ,  1 9 7 7 ; Mahan and Moxon , 1 98 0 ; Meyer 
et al . ,  1 9 8 1 ) . Regardless  of the selenium sour c e  or d ie tary level , i t  
is appar en t  that liver and kidney a r e  the maj or organs invo lved in 
accumulat ion and s to rage of selenium . 
Pigs f ed 9 . 4 0 ppm organic s elenium were found to  have about 
7 ppm se lenium in liver and kidney . Pigs fed 9 ppm ino r ganic selenium 
were found to have less  than 4 ppm selenium in l iver and kidney . 
Herigs tad ( 1 9 7 2 )  f ound , in general , pigs with acute seleno s i s  had 
grea ter conc entrations o f  sel enium in liver than in kidney and tho s e  
no t deve lop ing s e leno s i s  had grea ter conc ent rat ions o f  selenium in 
kidney than in liver . · In the exp er iment s  rep or t ed herein , liver and 
kidn ey selenium conc entrat ions wer e  s imilar a t  all d ie tary· s e lenium 
level s  above 3 ppm . The c oncent ration o f  selenium in these organs was 
cons iderab ly les s than the 20 ppm in liver or kidney tha t ident i f ied 
acut e selenium p o isoning in the experiment s o f  Her i g s t ad ( 1 9 7 2 ) . 
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The accumula t i on of apprec iable amount s  o f  selenium in the ha ir 
of pigs in the s e  experiments i s  cons is tent wi t h  ob servat ions from 
o ther species . Smi th and assoc iates ( 1 9 3 8 ) reported 4 ppm selenium in 
ha ir o f  rabb i t s  suf f er ing f rom chroni c organic s eleno s i s . Cat s 
rec e iv ing graded levels of  organic selenium in the d i·e t  had hai r  selenium 
concentra t ions rang ing from 9 . 7  to 3 3 . 0  ppm (We s t fa l l  and Smith , 1 9 4 0 ) . 
Dinkel and co-wo rker s  ( 1 95 7 )  f ound hair selenium concentrat ions in exces s 
of 2 0  ppm in c a t t l e  graz ing s eleniferous rangeland . 
In compari sons o f  ha ir s elenium concentr ations of p igs f ed wheat 
or corn diets supp l emented wi th sodium seleni t e , it  was obs erved tha t 
the lower level o f  selenium supp lementation (4 ppm) in corn d i e t s  
(Exp . 3 )  produced a hi gher hair selenium concentr a t io n  than the highe s t  
level o f  s elenium supplementat ion ( 9  ppm) i n  whea t  d i e t s  ( Exp . 2 ) . Pigs  
fed  wheat diets  (Exp . 1 )  conta ining 6 or  9 ppm organi c  selenium were 
found to have ha ir s elenium concentrat ions of 8 . 5 3  and 1 0 . 5 1 ppm , 
re sp ec t ively . Hai r  s elenium conc entra tion was no t inc rea s ed over 5 ppm 
when p ig s  were f ed wheat diets supp lemented wi th sodium seleni t e . Pig s 
fed 8 ,  1 2  or 1 6  ppm selenium in corn diets had ha ir selenium conc entra­
tions in exc e s s  of  10 ppm . These observa t ions may be rela t ed ei ther to 
the di f f erence s  in die tary compo s i t ion and (or)  source of s e l enium . 
Ol s on and co -worker s ( 1 95 4 ) ·repor ted hai r  se lenium l evel s  from 
5 to 1 0  ppm ind ica ted a po tential chronic seleno s i s  pr�b lem , while levels 
over 10 ppm ind ica ted chronic seleno s i s  could be exp e c ted . Hair selenium 
da ta f rom Exp . 3 suggest the levels given by thi s author are too 
cons erva t ive . Thi s  is demons trated b y  the fac t tha t , while severely 
af fec ted by di etary trea tment , p igs fed 20 ppm s e l enium had less than 
44 
1 0  ppm s e lenium in hair . This was apparently a resul t o f  the low f eed 
intake due to diet re fusal by thi s  group . Although the s e  p i g s  were f ed 
the highe s t die tary s elenium level in this experimen t , to tal selenium 
intake was les s than for p i g s  which consumed mor e  o f  the lower levels of  
selenium . 
It was no t ed in Exp . 1 tha t , wi thin a trea tment , b lack hair gave 
a higher selenium value than d id white or r ed hai r . No doc umentat ion of  
variab i l i ty in hair selenium c oncentration o f  swine due to  hai r  color 
has b een made . However ,  Wahl s trom et al . ( 1 9 5 5 , 1 9 5 9 )  ob s e rved a breed 
d i f ference in s u s c ep t ib i li t y  to selenium poiso ning , wi th Duroc ( red hair ) 
being more suscep t ib le than Spo t t ed (black and whi t e hair ) or  cros sbred 
pigs . Al though f ew animals were evalua ted and the expe r imental 
cond i t ions were uncontrolled , Dinkel et al . ( 1 95 7 )  found Angus ca t t le 
(black hai r )  t ended to have hi gher ha ir selenium conc entrat ions than 
Hereford c a t t l e  ( r ed hair ) . These authors f el t  Her eford ca t t le were more 
suscep t ib l e  to s e lenium p o i soning than Angus catt le . In a review of  
the his tory o f  selenium poi soning , Moxon ( 1 9 3 7a )  s ta t ed that , in horses 
believed to  be s u f f ering f rom selenium poi soning , sorrel  ( reddish hai r )  
horses app eared o be the mo s t  s everely affec ted , although no color was 
unaf f ec ted . It app ears that red animals are less  tolerant to excess 
dietary s e lenium than black animals . It i s  conc eivabl e  tha t b lack hair 
45 
provides a typ e  of p ro tect ive s t orage mechani sm by ac cumulat ing excess 
selenium and thu s  pro t ec ting the s e  animals from int erna l o rgan damage . 
Re searchers have f ound that the liver become s necrot ic and 
degenerates  due to chrortic seleno si s . Liver wei ght as a percentage o f  
body wei gh t  increased wi th inc r easing dietary s elenium level . Obermeyer 
and co�workers ( 1 9 7 1 )  made a s imilar ob servat ion in r a t s  f ed excess 
trimethylselenonium chloride . Thi s  enlargement may b e  an ind ica t ion o f  
a n  a t t empt by the animal t o  adap t to a foreign compound and may not 
nec e s sarily b e  a s i gn o f  s eleno s i s . 
Blood selenium has been shown to be a sens i t ive ind icator o f  
selenium int ake when f eeding swine d i e t s  low o r  adequa te in selenium 
cont ent (Groc e  e t  al . ,  1 9 7 3 ; Young et  al . ,  1 9 7 6 ; Chavez ,  1 9 7 9a , b ;  Meyer 
et  al . ,  1 98 1 ) . Blood data f rom the pr esent expe r iment s show b lood 
selenium to b e  equally sens i tive in response to exce s s ive dietary 
selenium intake . In compar isons of  blood s elenium c oncentr a tions 
presented in the s e  s tudie s , it  appears tha t , . at  s imilar dietary selenium 
leve ls , b lood s e lenium concentration is una f fe c t ed by selenium source 
or die tary c omp o s i t ion . 
Pigs f ed approxima tely 6 to 9 ppm selenium were found to have 
blood selenium c oncentra tions over 2 ppm . Thi s  f ind ing i s  cons i stent 
wi th resul t s rep o r ted by Moxon and Mahan ( 1 98 1 ) . They r ep o r ted blood 
selenium to b e  over 2 ppm when pigs were fed die t s  containing 1 0  ppm 
selenium . Olson ( 1 9 7 8 )  stated tha t  blood selenium conc en t ra t ions from 
1 to 2 ppm ind i cated a potential chronic seleno s i s pro b l em· , while levels 
over 2 ppm ind icated chroni c se leno s i s  could be expec ted . 
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Packed cell volume , p lasma bilirub in and hemoglobin levels o f  
pigs in the s e  exp e r iments were wel l  wi thin normal range s  for these 
hema to lo g i cal parame t er s  (Kaneko , 1 9 7 3 ) . Based on data of these 
parameters , anemia and ( o r )  liver damage should not be exp e c t ed at  any 
o f  the selenium levels fed in the three exper iment s  r epor t ed herein . 
Although some p i g s  fed 1 2 ,  1 6  or 20 ppm selenium wer e  severely affec ted 
by die tary treatment , anemia was no t a s ign o f  chronic s eleno s i s . Thi s 
conc lus i on is in support of re sult s  reported b y  Her i gs t a d  ( 1 9 7 2 ) and 
Harr i s on e t  al . ( 1 98 3 ) . These autho r s  observed no abnormality in packed 
cell volume or hemoglobin level of pigs  suf fering f r om selenium po i soning . 
In contras t to resul t s  of  s tudies where adequa t e  but no t exces s 
selenium was f ed ( S iver t s en et al . , 1 9 7 7 ; Hakkara inen e t  al . ,  1 9 7 8 ; 
Chavez ,  1 9 7 9 a , b ) , resul t s  of  the exper iment s repo r t ed herein ind icate 
blood glutathione peroxidase ac t ivity is no t a s ens it ive index o f  
exc e s s ive die tary s elenium intake . Bl ood gluta thione peroxida s e  ac tiv ity 
was no t inf luenced b y  d i etary selenium level when p i g s  were f ed diets 
conta ining natural ly-occurr ing selenium . However , the enzyme increased 
quadra t ically (P< . 05 )  as supp lemental sod ium seleni t e  inc r eased in both 
whea t and corn die t s . 
Meyer e t  al . ( 1 9 8 1 )  found plasma glutathione p erox idas e  ac t ivity 
p lateaued at  a die tary selenium concentrat ion o f  about .4  ppm , a level 
comparab le to the . owe s t  s el enium levels fed in the present experiments . 
Thes e  author s stated plasma gluta thione peroxidas e  should incr ea se up to 
the animal ' s  s elenium requirement for the forma tion of that · enzyme , wi th 
no fur ther inc reas es at higher die tary selenium levels . In contra s t , the 
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re sul t s  o f  the s e  experiments utilizing sodium seleni te a
·
s the selenium 
source demons tra te that excess  selenium wi ll elevate the level o f  
glutathione peroxidase above the animal ' s  phys io lo gical requir ement for 
thi s  enzyme . I t  should be no t ed that the s elenium levels were several 
time s h i gher than the maximum level of 2 ppm fed in the s tudy c i t ed . 
The d i f f erence in b lood glutathione peroxida se resp onse when 
p i gs were fed die t s  c ontaining inor ganic or organi c  se lenium may be 
exp lained by the d i f f erence in b ioavai lab i l i ty o f  the two f o rms o f  
se lenium . Canto r and Scott  ( 1 9 7 4 )  found the biological availab i l i ty of  
se lenome thionine to  be only 37%  o f  that o f  sodium se leni te for  prevention 
o f  exudative dia the s i s  in chicks . The se authors also ob s e rved sod ium 
se leni te p roduced hi gher p lasma gluta thione peroxidase levels  than 
seleno -DL-me thionine at the same die tary selenium level . 
Plasma glu tami c-oxalacet ic and glutamic-pyruvic transaminase 
leve ls found in Exp . 1 and 2 approxima te no rmal levels for the se enzymes 
(Kaneko , 1 9 7 3 ) . Al though the leve ls of these enzymes increased linear ly 
(P< . 0 1 )  in Exp . 3 ,  they are no t increased to the ex tent that organ 
damage s hould be expec ted . In humans , liver nec ro s i s  may inc rease 
serum glutamic-pyruvic trans aminase up to 4 , 000 S-F uni t s /ml , depending 
on the ext ent of  damage ( S igma Chemical Co . ,  1 9 80a) . In add i tion , serum 
glut amic -oxalace t i c  transaminase may reach 200 S-F uni t s /ml following 
hear t damage . The re f o re , organ damage should no t be exp e c ted at any o f  
the se lenium leve l s  f e d  in these experiments . 
Two p i gs fed the corn diet containing 1 2  ppm selenium developed 
hoof les ions during the four th week of  experimen ta t ion . The hoo f  les ions 
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began as an inf lammation around the c oronary band , f o llowed b y  a 
separa tion o f  the hide and hoo f wi th gradual sloughing o f  the ho o f  wal l . 
Thi s  obs ervation i s  cons i s tent wi th descrip t ions o f  hoo f  l e s ions 
typ ical o f  c hronic s e l eno s i s  (Moxon , 1 9 3 7a ;  Trelease and Beath , 1 94 9 ) . 
Schoening ( 1 93 6 ) , Mil ler and Schoening ( 1 93 8 ) , �Tah l s tr om e t  al . ( 1 9 5 5 , 
1 9 5 6 , 1 9 5 9 )  and Harrison et  al . ( 1 98 3 )  also ob serv ed hoof les ions in 
pigs  s uf f e r ing f rom chronic selenos i s . 
One p i g  f ed 2 0  ppm o f  s elenium develop ed pos terior  paraly s i s  of  
the hind legs due to  b ilateral symme tr ical malacia of  the gray mat ter 
of the ven tral horns . Thi s  cond i t ion developed suddenly during the 
-third week o f  experimentat ion . Harri son et al . ( 1 98 3 )  ob served a 
simi lar para ly ti c  cond i t ion in growing p i g s  fed s e lenium at levels 
ranging f rom 19 to 24  ppm . Po ster ior paraly s i s  ha s also b een repor ted · 
in growing p i g s  fed 5 0  ppm sel enium (Wil s on et a l . , 1 98 2 ) . 
Resul t s  o f  the s e  exper iment s  sugges t that growth rate is the 
mo s t  s ensi t ive index of chronic se leno si s in swine . S imilar increases 
in the level o f  s e lenium in the blood and hair were found for all 
three experiment s . However , p ig p er formanc e was a f f e c ted only in 
Exp . 3 when corn-soybean meal diets wer e  used . Anemi a do e s  no t appear 
to be a featur e o f  chronic s elenosis in swine . Ther efore , packed cell 
volume and hemo globin levels of  blo od canno t b e  used a s  d iagno s t ic 
indicators o f  thi c ondi tion . The enzymes ana ly z ed in the s e  experiment s 
do no t appear to be related to the occurrence o f  chronic selenium 
poi soning . In add i ti on , the procedures for enz yme analy s i s  do no t lend 
themse lves to p rac tical app l ica tion . 
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SUMMARY 
Three expe r iment s wer e  conduc t ed t o  det ermine the e f fec t o f  
varying dietary s e lenium level s ,  s elenium source and d i e tary comp o s i t i on 
on growing swine . Parameters evalua ted in the s e  exp e riment s  inc luded 
p i g  performance , b lood composition ,  tis sue se lenium concentra tion , blood 
enzyme ac t ivity and liver weight as a percentage o f  body wei ght . The 
ul t ima t e  obj e c t ive s wer e  to establish the level a t  whi ch s e lenium 
become s toxic to growing swine and to det ermine which o f  the parame ters  
eva lua ted provides the mos t  sens it ive index o f  chroni c s e leno s i s . 
In the f ir s t  exp er iment , dietary trea tment s  were composed o f  
3 5 %  whea t ,  1 7 % o a t s , 2 0 %  corn and 25 % soybean meal and contained . 4 7 , 
2 . 5 8 ,  5 . 6 ,  o r  8 . 4 ppm or gani c selenium . Pigs received the i r  resp ec tive 
d i e t s  for 6 wk . Die tary selenium level had no ef fec t on p i g  performanc e 
as mea sured by daily gain , daily feed intake or f eed / ga in . Blood 
compos i t ion and enzyme ac t ivity were no t af fec ted b y  d ie tary tr eatment . 
Selenium concentrat ions of  blood , ha ir , liver , kidney , hear t , sp leen 
and diaphragm mus c le were inc reased linear ly (P< . 0 1 ) as selenium in the 
diet increased . In add i t ion , liver we ight as a per centage o f  body we ight 
was increased linear ly (P< . 0 1 )  as die tary selenium level increased . 
No s igns of  chronic selenium poi soning were obs erved . Thu s , the toxic 
leve l of selenium in thi s diet containing seleni f erous ingred ient s 
appears to be greater than 8 . 4 ppm .  
Dietary treatment s in the· s econd exp eriment wer e  s imi lar to the 
firs t , wi th the excep t ions tha t sodium seleni te was ut i li z ed as the 
selenium source and the diets  were  fed for 1 7  wk . Ino r gani c selenium 
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levels o f  . 4 7 ,  2 . 7 1 ,  5 . 55 or 9 . 00 ppm had no e f f ec t  o n  p i g  p er formance 
as measured by daily gain , daily feed intake or fee d / gain . Selenium 
conc entrat ions o f  blood , hair , liver , kidney , heart , sp leen and diaphragm 
musc l e  were s i gn i f i cant ly increa sed as dietary selenium level increased . 
Liver wei gh t  as a perc entage o f  body weight wa s inc r eased at  the two 
higher die tary s e lenium levels . Blood glutathione peroxida s e  ac t iv ity 
was s i gni f icant ly inc r eased by dietary treatmen t . Other b lood parame ters 
were no t a f f e c t ed by die tary treatment . No s i gns of chroni c selenium 
poisoning wer e  ob served . The resul ts of  thi s experimen t sugges t that 
sodium s e leni te may be supp lemented to diets  containing 3 5 %  wheat , 
1 7 %  oats , 20%  corn and 25%  soybe an meal up to a lev e l  o f  9 ppm selenium 
wi thou t advers e e f fe c t s . 
Di et ary trea tment s in the third experiment c ons i s t ed o f  a corn- · 
soybean meal for ti f ied d ie t  supp lemented wi th sodium seleni te to provide 
. 40 ,  4 . 20 ,  7 . 8 4 , 1 1 . 2 7 ,  1 6 . 4 3 or 20 . 45 ppm ino r gani c s e l enium . In thi s  
exper iment , p i gs were fed their respec tive die t s  f o r  5 wk . Dai l y  gain 
and feed intake decrea s ed linearly (P< . 0 1 )  as dietary s e lenium . level 
increas ed . Blood enzyme ac tivity and selenium conc entra tions in blood 
and hair were s i gni f icantly increased by dietary trea tment . Die tary 
trea tment had no e f f ec t  on packed cell volume , p lasma b i lirubin and 
hemo globin leve ls . Two pigs fed 1 2  ppm sel eni um developed hoo f  les ions , 
and one p i g  fed 20 ppm s e lenium developed po s t er io r  paralys i s . The 
results o f  thi s exper iment indicate the level at whi c h  ino rganic 
se lenium becomes toxic to growing swine is be tween 4 and 8 ppm when 
feeding corn- soybean meal diet s . 
Conc lus ions from the s e  experiment s  were that c orn diets  
containing inor ganic s elenium were more toxi c  to  growing swine than 
whea t die t s  containing organi c  or inorgani c selenium . Blood , hair , 
organ and t i s sue s e lenium concentrations wer e  found to  be direc t ly 
rela ted to d ie tary s elenium intake . However , growth rate app ears to 
be the mos t  s ens i t ive index of chroni c s eleno s i s . 
5 1  
5 2  
LITERATURE C I TED 
Al laway , W .  H . , E .  E .  Cary and C .  F .  Ehlig . 1 96 7 . The cyc ling of low 
levels o f  selenium in soils , p lant s and animal s .  In : 0 .  H .  
Muth (Ed . ) Symp o sium : S e lenium in Biomed i cine . pp 2 7 3 -2 9 2 . 
The AVI Pub l ishing Company , Inc . ,  Wes tpor t ,  CT . 
Brown , J .  M .  M .  1 96 3 . Bio chemical les ions in the patho gene s i s  o f  
geeldi kkop ( Tribul o s i s  avis ) and enz o o t i c  i c t erus o f  sheep in 
South Afr i c a . Ann . New York Acad . S c i . 1 04 : 5 04 . 
Cantor , A .  H .  and M .  L .  S c o t t . 
comp ound s  in chi ckens . 
6 3 - 6 8 . 
1 9 7 4 . Biological a c t iv i ty o f  selenium 
Pro c . Cornell Nut r . Conf . Feed Manuf . 
Chave z , E .  R .  1 9 7 9a .  Ef fect  of dietary selenium on glutathione 
peroxidas e act iv i t y  in p iglet s . Can . J .  Anim . S c i . 5 9 : 6 7 .  
Chavez , E .  R .  1 9 7 9b . Ef fect o f  die tary selenium dep l e t ion and rep let ion 
on p la sma glut ath ione peroxidase ac t iv i t y  and selenium concentra­
tion in b lood and body t i s sue of growing p i gs . Can . J .  Anim . 
S c i . 5 9 : 7 61 .  
Dinke l , C .  A . , J .  A .  Minyard , E .  I .  Whi t ehead and 0 . E .  Olson . 1 9 5 7 . 
Agricultural research at  the Reed Ranch Fie ld S ta t ion . 
South Dako ta Agr . Exp . S ta . Circ . 1 5 7 . 
Doornenbal , H .  1 9 7 5 . Ti s sue selenium content o f  the growing p i g . Can . 
J .  Anim . Sci . 5 5 : 3 2 5 . 
Dud ley , H .  C .  1 9 35 . Toxico lo gy o f  seleni um . I .  A s tudy o f  the 
dis t ri bu t ion o f  selenium in acute and chronic cases of selenium 
p o i s oning . Amer . J .  Hyg . 2 3 : 1 6 9 . 
Ewan , R .  c .  1 9 7 1 . Ef f e c t  o f  vitamin E and selenium on t issue 
comp o s it ion o f  young p igs . J .  Anim . S c i . 3 2 : 88 3 . 
Fi shbein , L .  1 9 7 7 . Toxicolo gy o f  selenium and tellurium . In : R .  A .  
Goyer and M .  A .  Mehlman (Ed . ) Advanc es in Hodern Toxico logy , 
Vo l .  I I . Toxi c o lo gy o f  Trac e Element s .  pp 200-202 . Hals ted 
Pres s , New York . 
Franke , K .  w .  and V .  R .  Po t ter . 1 9 34 . A new toxicant o ccurr ing 
naturally in c er tain s amp les of p lant foo d s tu f f s . I I I . 
Hemo glob in levels observed in whi t e  rat s whi c h  were f ed toxic 
whea t .  J .  Nu tr . 8 : 6 1 5 . 
Franke , K .  W .  and V .  R .  Po tter . 1 9 35 . A new toxicant o ccurring 
natural ly i n  certain samp les of p lant foo d s tu f f s . IX . Toxic 
ef f e c t s  o f  o rally inges t ed selenium . J .  Nut r . 1 0 : 21 3 . 
Goodnigh t , J .  H .  1 9 7 9 . SAS User ' s  Guide . 1 9 7 9  Ed . SAS I ns t i tute , 
Inc . , Ral e i gh ,  NC . 
Grant , C .  A . , B .  Thafvel in and R .  Chr i s t el! . 1 96 1 . Ret ent ion o f  
seleni um by p i g  t i s s ue s . Acta Pharmac a l . Tox i co l . 1 8 : 28 5 . 
53  
Groc e , A .  W . , E .  R .  Mil ler , K .  K .  Keahey , D .  E .  Ullrey and D .  J .  Ell i s . 
1 9 7 1 . Selenium supplementation of  prac t ical d i e t s  for g rowing­
f ini shing swine . J .  Anim . S c i . 3 2 : 905 . 
Groc e , A .  W . , E .  R .  Mi l ler , D .  E .  Ullr ey , P .  K .  Ku , K .  K .  Keahey and 
D .  J .  El li s . 1 9 7 3 . Se lenium requirement s in corn-soy diets  
for growi ng-f inishing swine . J .  Anim . S ci . 3 7 : 94 8 . 
Guyton , A .  C .  
8 7 4 . 
1 9 8 1 . Textbook o f  Medical Physio logy ( 6 th Ed . ) . 
W .  B .  Saunders Company , Phi ladelphi a ,  PA . 
pp 8 7 2-
Hakkara inen , J . , P .  Lindberg , G .  Bengt sson and L .  Jonsson . 1 9 7 8 . S erum 
glutathione p eroxidase ac t ivity and b lood s e lenium in pigs . Ac ta 
Ve t . Scand . 1 9 : 26 9 . 
Halver son , A .  W . , I .  S .  Pa lmer and P .  L .  Gus s . 1 96 6 . Tox i c i ty o f  
selenium t o  po s t -weanling rats . Toxicol . App l .  Pharmac a l . 9 : 4 7 7 . 
Halverson , A .  W . , D .  T .  Tsay , K .  C .  Tr iebwasser and E .  I .  Whi t ehead . 
1 9 7 0 . Deve lopment of  hemo lyt ic anemia in r a t s  f ed seleni t e . 
Toxico l .  App l . Pharmacal . 1 7 : 1 5 1 . 
Harr i son , L .  H . , B .  M .  Colvin , B .  P .  S tuar t , L .  T .  S ang s t e r , E .  J .  
Go rgacz and H .  S .  Go sser . 1 98 3 . Paralys i s  in swine due to focal 
symme t rical po liomalac ia : possible s e lenium toxico s is . Vet . 
Pathol .  2 0 : 2 6 5 . 
Herigs tad , R .  R .  1 9 7 2 . Patho lo gy of  inorganic and o r gani c  se lenium 
toxi c o s i s  in young swine . M . S .  Thes i s . Michi gan S tate  Univ . , 
Eas t  Lans ing . 
Jenkins ,  K .  J .  and K .  A .  Winter . 1 9 7 3 . Ef fec t s  of  s e lenium supp lementa­
tion o f  n turally high se lenium swine rations on t i s sue level s  
o f  the element . Can . J .  Anim . Sci . 5 3 : 5 6 1 . 
Jens en , P .  T . , V .  Dani elsen and · H .  E .  Nielsen . 1 9 7 9 . Gluta thione 
peroxi da s e  ac t iv i ty and erythroc yte lipid peroxidit ion as ind ices 
of  selenium and vitamin E statu s  in young pigs . Ac ta Vet . 
Scand . 2 0 : 9 2 .  
Jor gensen ,  P .  F . , J .  Hyld gaard-Jens en and J .  Mou s t gaard . 1 9 7 7 . 
Glut athione peroxidase act ivity in porc ine blood . Acta Vet . 
Scand . 1 8 : 3 2 3 . 
Kaneko , J .  J .  1 9 7 3 . Standard Values in Domes t i c  Animals ( 3r d  Ed . ) . 
Dep t . Clin . Pathol . ,  Univ . o f  Cali fornia , Davi s .  
Ku , P .  K . , W .  T .  El y ,  A .  W .  Groce and D .  E .  Ullrey . 1 9 7 2 . Natural 
die tary selenium ,  a -tocophero l and e f f e c t  on t i s sue selenium . 
J .  An im . S c i . 34 : 208 . 
54 
Ku , P .  K . , E .  R.  Mi ller , R.  C .  Wahls trom , A.  W .  Groc e , J .  P .  Hitchcock 
and D .  E .  Ullrey . 1 9 7 3 . Selenium supplementa ti on of na turally 
high s e lenium diet s  for swine . J .  Anim . Sci . 3 7 : 5 0 1 . 
Lawrence ,  A .  and R .  F .  Burk . 1 9 7 6 . Gluta thione p eroxida s e  ac tiv i ty in 
s elenium-def i c ient rat l iver . B io chem . B iophy s . Res . Comm . 
7 1 : 95 2 . 
Mahan , D .  c .  and A .  L .  Moxon . 1 9 80 . Ef fect  o f  diet ary sel enium and 
inj ec table vitamin E-selenium for weanl ing swine . Nutr . Rep . 
Int . 2 1 : 8 2 9 . 
Meyer , W .  R . , D .  C .  Mahan and A .  L .  Moxon . 1 98 1 . Value o f  die tary 
selenium and vitamin E for weanling swine as mea sured by 
performance and tis sue se lenium and glutathione peroxidase 
ac t ivit ies . J .  Anim . Sc i . 5 2 : 3 0 2 . 
Mi ller , W .  T .  and H .  W .  Schoening . 1 9 38 . Toxi c i t y  o f  selenium f ed to 
swine in the form of sodium seleni t e . J .  Agr . Res . 5 6 : 83 1 . 
Moxon , A .  L .  1 9 37 a . Alka li di sease or selenium pois oning . South Dakota 
Ag r . Exp . S t a . Bull . 3 1 1 . 
Moxon , A .  L .  1 9 3 7b . The ef fec t s  of  diets  containing selenium in the 
form of se leni f erou s grains and inorganic sal t s  on the blood 
pic ture of the dog and the selenium c ontent of the tissues and 
or gans o f  the s e  animals . M . S . The s i s . South Dako ta S tate 
Co llege , Brookings . 
Moxon ,  A .  L .  and D .  C .  Mahan . 1 98 1 . Toxi c  dietary s e l enium level s  for 
weaning swine . In : J .  McC . Howell , J .  M .  Gawthorne and C .  L .  
Wh i t e  (Ed . )  Trac e El ement Me tabo lism in }!an and Animals . pp 471 -
4 7 4 . Springer -Verlag , New York . 
NRC . 1 9 7 1 . Selenium in Nu trition . pp 4 9- 5 4 . Hational Academy o f  
Sc ienc e s -Nat ional Re s earch Counc i l , Washington , DC . 
NRC . 1 9 7 6 . Selenium . pp 1 1 0 -1 1 6 . Nat iona l  Academy o f  Sc i ence s ­
Na tional Re s earch Counc i l , Washing ton , DC . 
5 5  
Obe rmeyer , B .  D . , I .  S .  Palmer , 0 .  E .  Olson and A .  W .  Halverson . 1 9 7 1 . 
Toxi c i ty o f  t rimethyl selenonium chlo r ide in the rat wi th and 
wi thou t ar seni te . Toxicol . App l . Pharmacal . 2 0 : 1 35 . 
Olson , 0 .  E .  1 9 78 . Selenium in p lants as a cau se o f  l ive s tock 
poi soning . In : R .  F .  Keeler , K .  R .  VanKampen and L .  F .  James 
( Ed . )  E f f ec t s  of Poi sonous Plant s on Lives t o ck . pp 1 2 1 - 1 3 3 . 
Academic Press , New Yo rk . 
Ol son , 0 .  E . , C .  A .  Dinkel and L .  D .  Kams tra . 1 95 4 . A new aid in 
diagno s ing selenium po i soning . South Dako ta Farm Home Res . 6 : 1 2 .  
Olson , 0 .  E . , I .  S .  Palmer and E .  E .  Cary . 1 9 7 5 . Mod i f icat ion o f  the 
o f f i c ial f luorome t ric me thod for s elenium in p lant s .  J .  As so c . 
Of f i c ial Anal . Chern . 5 8 : 1 1 7 . 
Or s t ad ius , K .  and B .  Aberg . 1 96 1 . Di s t r ibut ion o f  S e7 5 -tagged sodium 
seleni te in p igs . Ac ta Ve t . Scand . 2 : 6 0 . 
Palmer , I .  S . , 0 .  E .  O lson , A .  W. Halverson , R .  Mill er and C .  Smi th . 
1 98 0 . I solat ion of  factors  in linseed o i l  meal p ro te c t ive 
agains t chroni c seleno s i s  in rats . J .  Nut r . 1 1 0 : 1 4 5 . 
Palmer , I .  S . , N .  Thiex and 0 .  E .  Ol son . 1 98 3 . Die tary selenium and 
ars enic e f fe c t s  in ra ts . Nutr . Rep . Int . 2 7 : 24 9 . 
Rhian , M .  1 93 9 . The e f fe c t  o f  orally inge s ted selenium upon the blood 
p i c ture , feed consump tion and growth o f  the normal do g and the 
e f f e c t  of ar seni c in chroni c se lenium poi soning . M . S . Thes i s . 
South Dako ta State Co llege , Brooking s .  
Ro senfeld , I .  and 0 .  A .  Beath . 
Toxi ci ty and Nut r i t ion . 
1 964 . Selenium : Geobo tany , Biochemi s try , 
pp 1 5 5 - 1 6 9 . Academi c P r e s s , New York . 
Ro truck , J .  T . , A .  L .  Pope , H .  E .  Ganther , A .  B .  Swanson , D .  G .  Haf eman 
and W .  G .  Ho eks t ra . 1 9 7 3 . Selenium : bio chemi cal ro le as a 
comp onent o f  g lutathione peroxidase . S c ience 1 7 9 : 58 8 . 
Schoening , H .  W .  1 9 36 . Produc t ion o f  so-called alka l i  d i s ease in ho gs 
by f eeding corn grown in af fected area . No rth Amer . Vet . 1 7 : 2 2 .  
S i gma Chemi cal Co . 1 9 80a . The quant i tat ive colorime t r i c  determination 
o f  glutami. e -oxalac e t ic and glutamic-pyruvic trans aminase . Tech . 
Bul l . No . 505 (Revised Ed . ) .  St . Loui s ,  MO . 
S i gma Chemical Co . 1 9 80b . 
o f  total hemog lob in . 
S t . Lo ui s , MO . 
The quantitative colo r ime t r i c  determinat ion 
Te ch . Bull . No . 525 (Rev i s ed 'Ed . ) . 
,. 
5 6  
Sigma Chemical Co . 1 98 1 . The quant itative colorime t r i c  det erminat ion 
of b il ir ub in . Tech . Bull . No . 605 (Rev is ed Ed . ) . S t . Loui s , MO . 
S ive r t sen , T . , J .  T .  Karslen and A .  Fro s li e . 1 9 7 7 . The relationship o f  
erythrocyte g luta thione peroxidas e  t o  blood selenium i n  swine . 
Ac ta Vet . Scand . 1 8 : 4 94 . 
Smith , H .  A . , T .  C .  Jones and R .  D .  Hunt . 1 9 7 2 . Veterinary Patho logy 
(4 th Ed . ) . pp 7 3- 7 7 . Lea and Febi ger , Philadelphia , PA . 
Smi th ,  M .  I .  and R .  D .  Lilli e . 1 940 . S tudies in chronic s eleno si s . 
Par t I .  The chronic toxic ity of  na turally occurring food 
selenium . Natl . Ins t . Health Bull . No . 1 7 4 : 1 .  
Smith , M .  I . , B .  B .  We s t fall and E .  F .  Stahlman .  1 9 3 7 . 
o f  selenium and i t s  dist-ribution in the t i s sues . 
Pub l ic Heal th Rep . 5 2 : 1 1 7 1 . 
The elimina t ion 
Uni ted States 
Smi th , M.  I . , B .  B .  \..Je s t fall and E .  F .  Stahlman . 1 9 3 8 . S tudies on the 
fate of selenium in the organi sm . Uni ted S ta te s  Pub lic Health 
Rep . 5 3 : 1 1 9 9 .  
Smi th , M .  I . , B .  B .  We s t fall and E .  F .  Stahlman . 1 94 0 . Stud ies in 
chronic s e leno s i s . Part I I I . Liver. func t ion and bi le pigment s 
in exp er imental chrorti c selenium poisoning . Nat l . Ins t . Health . 
Bull . No . 1 7 4 : 2 1 .  
Thomp son , R .  H . , C .  H .  McMurray and W .  J .  Blanchf lower . 1 9 7 6 . The 
levels o f  selenium and glutathione peroxida se a c t ivity in blood 
o f  sheep , cows and pigs . Re s .  Ve t . S c i . 2 0 : 2 2 9 . 
Trelease , s .  F .  and 0 .  A .  Beath . 1 94 9 . Se lenium . pp 1 7 6 - 1 84 . Publi shed 
by autho r s , New Yo rk . 
Underwood , E .  J .  
( 3rd Ed . ) . 
1 9 7 1 . Tr ace Element s in Human and Animal Nutr i t ion 
pp 3 5 3-355 . Academic Pres s ,  New York . 
Wahl s trom , R .  C . , L .  D .  Kamstra and 0 .  E .  Olson . 1 9 5 5 . The e f f ec t  o f  
ars anil i c  a c i d  and 3-ni tro-4-hydroxyphenylarsonic a c i d  on 
se lenium p o i soning in the pig . J .  Anim . Sci . 1 4 : 1 05 .. 
Wahl s trom , R .  c . , L .  D .  Kamstra and 0 .  E .  Olson . 1 9 5 6 . The e f f e c t  o f  
organi c ar senicals , chlor tetracyc line and linseed o i l  meal on 
se lenium p o i soning in swine . J .  Anim . S c i . 1 5 : 7 94 . 
Wahls trom , R .  c .  and a ·. E .  Ol son � 1 9 5 9 . The relat ion o f  pre-natal and 
pre-weaning treatment to the e f f ec t  of arsanil i c  a c id on selenium 
po isoning in weanling pigs . J .  Anim . Sci . 1 8 : 5 7 8 . 
5 7  
We s t fall , B .  B .  and M .  I .  Smi th . 1 94 0 . S tudies i n  chronic seleno s i s . 
Part IV . Selenium in the hair as an index o f  the ext ent of  i t s  
dep o s i t ion i n  the t i s sues in chronic p o i soning . Nat l . Ins t . 
Health Bul l . No . 1 7 4 : 4 5 . 
Wils on , T .  M . , R .  S chol z  and T .  Drake . 1 98 2 . Por cine focal symmetrical 
poliomye loma lac ia and selenium toxici ty : de s cr i p t ion o f  a f ield 
outbreak and preliminary observations on exp er imental 
reproduc tion . Amer . As soc . Vet . Lab . D ia gn . 2 5 th Ann . P roc . ,  
1 3 5 - 1 5 0 . 
Young , L .  G . , A .  G .  Cas tell and D .  E .  Edmead e s . 1 9 7 7 . Inf luence o f  
die tary levels o f  selenium o n  tis sue s elenium o f  growing p i g s  in 
Canada . J .  Anim . Sci . 44 : 5 9 0 . 
Young , L .  G . , J .  H .  Lumsden , A .  Lun , J .  Claxton and D .  E .  Edmeades . 
1 9 7 6 . Inf luence of die tary levels o f  vitamin E and sel enium on 
tis sue and blood parameter s  in pigs . Can . J .  Camp . Med . 40 : 9 2 .  
APPENDIX 
TABLE 1 .  ANALY S I S  OF VARIANCE FOR PIG PERFORMANCE DATA 
( EXPERIMENT 1 )  
Mean sguares 
Source o f  Avg daily Avg dai l y  
var iati on df gain , kg f eed intake , kg Feed /gain 
Rep lication (R) 2 . 0 1 22 . 0 94 8  . 0 1 9 3  
Trea tment ( T )  3 . 0240 . 06 23 . 00 1 1 
T x R 6 . 02 2 6  . 1 0 0 1  . 0 1 48 
Sex ( S )  1 . 0 1 8 2  . 0 2 04 . 0048 
R X s 2 . 0 1 6 7  . 0 2 1 9  . 0008 
T X s 3 . 0095 . 0 2 6 6  . 0 1 6 2  
T X R X s 6 . 00 9 1 . 05 0 9  . 0094 
58 
TABLE 2 . 
Source of  
var i a t i on df  
Rep l i c a t ion (R)  2 
Treatmen t ( T )  3 
Linear 1 
Quadra t i c  1 
Cub ic 1 
T x R 6 
S ex ( S ) 1 
R X s 2 
T X s 3 
T X R X S 6 
* P< . 0 5 . 
** P< . 0 1 . 
�. � -�I 
ANALY S I S  OF VARIANCE FOR ORGANS AND TI S SUES ( EXPERIMENT 1 )  
Mean sguar es 
S e l enium con t ent , EEm 
Diaphra gm 
Liver Kidney Hea r t  SEl een mus c le Ha ir 
. 3 1 . 6 3 . OS . 00 . 2 1  1 4 . 1  
3 9 . 6 4 ** 2 6 . 84 * *  1 4 . 59 * *  9 . 8 1 ** 1 2 . 9 9 ** 1 1 4 . 9 * *  
1 1 8 . 26 ** 80 . 45 ** 4 3 . 6 0 ** 2 9 . 4 4 * *  38 . 7 7 * *  3 3 8 . 2 * *  
. 66 . 06 . 06 . 00 . 2 1 2 . 4 
. 00 . 00 . 00 . 00 . 00 4 . 0 
. 26 . 5 5 . 04 . 0 1 . 09 9_ . 9  
. 22 . 0 1  . 0 1  . 0 1 . 06 1 0 . 1  
. 04 . 1 6 . 04 . 04 . 20 4 . 8 
. 3 3 . 44 . 1 7 . 03 . 08 1 . 5 
. 1 6 . 20  . 04 . 0 1  . 1 6 24 . 5  
Liver , % 
body wt 
. 08 26 
. 1 9 7 3 * 
. 5 7 1 3 * *  
. 0 07 3 
. 0000 
. 0 2 8 3  
. ·004 3  
. 05 6 7 
. 0 1 25 
. 0 200 
Ul 
\0 
6 0  
TABLE 3 .  ANALYSIS  OF VARIANCE FOR BLOOD COMPOS I TION 
( EXPERIMENT 1 )  
Mean sguare s  
Packed Hemo - Plasma 
Source o f  Selenium ,  cell globin , bilirub in , 
varia t i on df ppm vo lume , % g/ 1 00 ml mg/ 1 00 ml 
Rep lica t ion (R) 2 . 08 1 8 . 6 7 1 . 5 4 5  43 . 9  
Treatment ( T )  3 5 . 58 ** 1 . 3 7  . 05 1  1 6 4 . 5  
Linear 1 1 6 . 64 ** 
Quadra t i c  1 . 00 
T X R 6 . 1 1 1 0 . 6 7 1 . 3 8 6  236 . 7  
Sex ( S )  1 . 03 3 0 . 3 7 *  2 . 7 3 4 *  682 . 7  
R X s 2 . 1 7 . 50 . 08 0  1 7 6 . 5  
T X s 3 � 28 5 . 49 . 7 2 5  1 5 . 0  
T X R X s 6 . 1 1 6 . 28 . 3 2 8  453 . 7  
* P< . 05 . 
** P< . 0 1 . 
TABLE 4 .  ANALYS I S  O F  VARIANCE FOR BLOOD ENZYME ACTIVI TY 
( EXPERIMENT 1 )  
Hean sguares 
GSH-Px 
GSH-Px cells p lasma , GOT , GPT , 
Sourc e  o f  EU/mg EU /mg EU/mg S -F S-F 
var iation df Ero tein hemoglob in Ero tein unit s /ml uni t s /ml 
Rep lication (R) 2 5 3 . 6  9 7 . 2  2 . 1 2 7 5 7 . 1  1 0 . 7 2  
Treatment ( T )  3 3 6 . 9  1 5 1 . 0  1 4 . 0 3 3 1 0 . 9  2 9 . 7 6 
T x R 6 5 5 . 4  1 1 6 . 4  6 . 28 3 5 8 . 0  6 7 . 3 8 
Sex ( S )  1 1 2 1 . 0  1 9 5 . 5  . 08 2 4 0 . 7  4 1 . 3 4  
R X s 2 3 0 . 4  1 1 3 . 2 . 3 7 6 3 2 . 1  7 9 . 5 9 
T X s 3 40 . 2  1 20 . 6  9 . 6 6 7 4 2 . 1  5 7 . 7 6 
T X R X S 6 4 1 . 4  9 6 . 5  2 . 7 4 5 6 5 . 6  83 . 4 3 
TABLE 5 .  ANALY S I S  OF VARIANCE FOR P IG PERFORMANCE DATA 
(EXPERIMENT 2 )  
Mean sgua r e s  
Avg daily 
Sourc e  of Avg daily feed 
vari a t ion df gain , kg intake , kg Feed /gain 
Rep l ic a t i on (R)  5 . 0 1 0 7  . 3 20 5  . 06 0 2  
Trea tment ( T )  3 . 00 9 1  . 3 3 2 3  . 04 1 9  
T x R 1 5  . 02 14 . 35 22 . 0 4 2 8  
6 1  
·� 
Source of 
variat ion 
Rep licat ion (R) 
Trea tment (T) 
Linear 1 
Quadra t i c  1 
· Cub i c  1 
T X R 
1r.. =:"' �I 
* P< . 05 .  
** P< . 0 1 . 
TABLE 6 . 
d f  
5 
3 
1 5  
ANALY S I S  O F  VARIANCE FOR ORGANS AND TIS SUES ( EXPERIMENT 2 ) 
Mean sguar e s  
Se lenium content , ppm 
Diaphragm 
Liver Ki dney Hea r t  Spleen mus c le Hair 
. 3 2 . 1 3 5  . 0 1 0 1  . 0 1 5 5  . 0007 1 . 3 8  
1 0 . 58 ** 1 . 83 3 * *  . 09 2 5 )'< * . 3 2 0 2 ** . 0 2 6 3 * *  1 4 . 4 2 * 
28 . 00 1• * 5 . 4 2 3 * *  . 2 7 2 6 ** . 7 6 8 0* *  . 0 7 7 0 ** 3 7 . 7 7 * *  
3 . 4 6 ** . 003 . 0000 . 0 384 . 0000 5 . 1 3 
. 28 . 0 7 3  . 0048 . 1 54 1 ** . 00 1 9 . 3 5 
. 2 3 . 1 40 . 004 3 . 01 3 1  . 00 2 5  3 . 4 0  
Liver , % 
body wt 
. 0 1 4 9 
. 1 08 7 * 
. 1 24 8  
. 0084 
. 1 9 2 8 * 
. 0 2 8 5  
0'\ 
N 
TABLE 7 .  ANALYS I S  OF VARIANCE FOR BLOOD COMPOS I TI ON 
( EXPERIMENT 2 )  
Sour c e  o f  
var iat i on 
Rep l icat ion (R) 
Trea tment ( T )  
Linear 1 
Quadra t i c  1 
Cub i c  1 
T x R 
* *  P< . 0 1 . 
d f  
5 
3 
1 5  
Se leni um ,  
ppm 
. 5 7 
1 4 . 4 7 ** 
4 1 . 70 ** 
1 . 7 2  
. 00 
. 48 
Mean squares 
Packed 
c e l l  
vo lume , % 
8 . 0 7  
1 2 . 8 2  
3 7 . 4 1  
1 . 04 
. 0 1  
9 . 7 2 
Hemo glob in , 
g/ 1 00 ml 
6 . 3 1 1 ** 
. 0 1 4  
. 0 3 7  
. 000 
. 004 
1 . 3 5 9  
TABLE 8 .  ANALYS I S  OF VARIANCE FOR BLOOD ENZYME ACTIVITY 
( EXPERIMENT 2 )  
Sourc e  o f  
variation df  
Rep lication (R)  5 
Treatment (T ) 3 
Linear 1 
Quadra t ic 1 
Cub ic 1 
T x R 1 5  
* P< . 05 . 
**  P< . 0 1 . 
GSH-Px 
EU /mg 
pro te in 
6 3 3 . 2 ** 
1 7 4 . 8 * 
1 06 . 6  
4 1 7 . 5 * *  
. 3  
4 7 . 5  
cells 
EU /mg 
hemo-
glob in 
998 * *  
4 6 0 ** 
23 1 
1 1 4 3 ** 
5 
84 
Mean sguares 
GSH-Px 
plasma , GOT , GPT , 
EU/mg S - F  S -F 
pro t e in uni t s /ml uni t s /ml 
2 2 . 02 * *  8 0 . 8  2 7 7 . 9 * 
3 . 2 4 * 1 04 . 1  7 7 . 4  
3 . 7 7 * . 0  1 7 7 . 6  
5 . 34 * 2 5 3 . 5  48 . 2  
. 6 1  5 8 . 8  6 . 5 
. 6 7 3 9 1 . 9  7 6 . 4  
6 3  
6 4  
TABLE 9 .  ANALYS I S  OF VARIANCE FOR PIG PERFORMANC E  DATA 
( EXPERIMENT 3 )  
Mean sguares 
Avg daily 
Source o f  Avg dai ly feed 
var iation d f  gain , kg intake , kg 
Replication (R) 3 . 1 3 . 24 
Trea tment ( T )  5 2 . 1 2 * *  3 . 8 0** 
Linear 1 1 0 . 4 2* *  1 8 . 4 8 ** 
Quadra t i c  1 . 09 . 02 
Cub i c  1 . 06 . 2 1 
T X R 1 5  . 09 . 1 2 
Sex ( S )  1 . 0 1  
T X s 5 . 1 1 
R X s 3 . 0 1 
T X R X s 1 5  . 08 
Wi thin 48 . 06 
** P< . 0 1 . 
TABLE 1 0 . ANALY S I S  OF VARIANCE FOR BLOOD COMPOS I TION AND 
HAIR SELENIUM CONTENT (EXPERIMENT 3 )  
Mean sguares 
Blood Packed Heme- Plasma Hair 
Sourc e  o f  se lenium , cell glob in ,  b il irubin , selenium , 
var ia tion df EEID vo lume , % g/ 1 00 ml mg/ 1 00 ml EEID 
Rep l i cat io n  (R) 3 1 . 9 ** 1 4 . 7 5 4 . 2 1 9 * . 0 1 5 1  2 1 . 7  
Treatment ( T )  5 2 3 . 4 ** 5 . 4 2  . 8 3 7  . 06 6 5 ** 209 . 6 ** 
Linear 1 1 05 . 1 * * 6 . 7 9 . 305  . 1 2 9 7 ** 4 1 3 . 4 ** 
· Quadrat ic 1 4 . 7 1 . 5 9  1 . 3 3 2  . 1 1 1 9 * * 46 1 . 1 ** 
Cub i c  1 . 8  1 . 4 6  1 . 3 9 3  . 04 5 7  1 . 8 
T X R 1 5  1 . 7 ** 1 2 . 7 6 2 . 5 8 9  . 0 1 2 8 22 . 0 
Sex ( S )  1 . 7  1 0 . 8 9 9 . 1 2 2 . 00 0 3  27 . 9  
T X s 5 1 . 9 1 3 . 8 9 1 . 24 7  . 0 1 6 9. 1 7 . 2  
R X s 3 . 2  7 . 4 9  2 . 1 0 3  . 02 1 0 *  3 . 3  
T X R X s 1 5  1 . 4 ** 1 0 . 00 1 . 0 1 1 . 0 2 1 2 ** 1 5 . 8  
Wi thin 48 . 2  5 . 5 1 1 . 03 3  . 00 7 4  1 4 . 5  
* P< . OS . 
** P< . 0 1 . 
65  
TABLE 1 1 . ANALYSIS  OF  VARIANCE FOR BLOOD ENZYME ACTIVITY 
(EXPERIMENT 3 )  
Mean sguares 
GSH-Px cells GSH-Px 
EU/mg plasma , GOT , GPT ,  
Source o f  EU/mg hemo- EU/mg S -F S-F 
var ia t i on d f  Ero tein gl obin Ero tein uni t s /ml uni ts /ml 
Rep l ic a t ion (R )  3 1 5 . 1  2 2 9 * *  1 1 . 8 * *  3 9 0  5 25 * 
Treatment ( T )  5 2 4 3 . 0** 6 4 3 * *  5 8 . 7 * *  7 4 7 4 * *  1 5 5 9 ** 
Linear 1 7 1 2 . 0 ** 1 8 7 8 ** 2 7 0 . 5 * *  3 34 9 3 * *  7 3 0 2 ** 
Quadrat ic 1 3 5 6 . 9 ** 9 9 9 ** . 0  1 35 1 2  
Cub i c  1 . 7 1 0  2 . 3  2 9 3 0  6 4  
T X R 1 5  2 9 . 7 * 7 4 * 5 . 6 * *  7 28 1 5 5  
Sex ( S )  1 5 . 8 1 4  3 . 8 8 23 25 1 
T X s 5 5 1 . 1 * 1 1 6 * 4 . 5 1 20 30 
R X s 3 1 3 . 5  6 5  . 4  35 2 96 
T X R X s 1 5  1 1 . 6  3 2  2 . 5 1 8 4  5 2  
Wi thin 48 1 3 . 8  3 8  1 .  1 4 9 5  1 23 
* P< . OS . 
** P< . 0 1 . 
